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The great favor with which the Natural Philosophy 
of the Cambridge Physics has been received has en- 
couraged the authors to comply with the urgent demand 
for a brief and elementary text-book on the same subject. 
It is impossible to prepare a book which shall be adapted 
to all schools ; but it is hoped that the plan of this man- 
ual is such that it may meet the wants of quite a wide 
range of schools. In the body of the book, little is at- 
tempted beyond a clear and brief statement and illus- 
tration of those facts in Physics which are of special 
importance on account of their practical or theoretical 
bearing. It is hoped that this part may furnish all that 
is needed for the higher classes in Grammar Schools. 
This is followed by an Appendix^ which contains chap- 
^ ters on the physics of the atmosphere, on the theory of 
molecular motions, and on the origin and transformation 
of energy. This piart is intended to fit the book for the 
use of those High Schools which have not time for a 
larger work. There is no overlapping of subjects ; but 
the Appendix is a more difficult chapter which naturally 
follows. 

The material of the book is drawn in the main from 
the sources enumerated in the Preface of the larger 
Natural Philosophy, ^ 

We have not forgotten the great advance recently 

ade in the practical applications of the physical forces, 
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as well as in the theories of the science. In the body of 
the book, we have given the preference to facts which are 
of practical interest. It is for this reason that frictional 
electricity occupies so little space compared with current 
electricity. A few years ago, frictional electricity held 
the first place in the school books; but in practical 
importance it has dwindled into insignificance, while 
voltaic and magnetic electricity have become of im- 
mense value in tlie arts. Electricity now means some- 
thing more than toy experiments with attractions and 
repulsions, and tlie explosion of gunpowder and gaseous 
mixtures. 

If the teacher thinks that we have varied somewhat 
from our rule in bringing the double refraction and 
polarization of light into the body of the book, he can 
omit those sections. 

The chapter on Machines is certainly not too full finr 
boys; and it is very easy to abridge it for classes of 
girls. 

The Appendix also contains problems and notes 
which give a full account of the apparatus needed for 
the book, and directions for performing difficult experi* 
ments. For numerous illustrations which the teacher 
can use in oral instruction, we would refer him to our 
larger Natural Philosophy, These could not be added 
here without making the book too bulky ; and it is our 
conviction that such illustrations come from the teacher's 
lips witli a force w^hich no written statement can give 
tliem. 

Cambridge, February 15, 1869. 
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COHESION. 



ter is made uf of Molecules. — When a piece 
heated to a temperature of 32°, it melts and be- 
ater. The particles of the ice hold together 
it in melting they have been loosened so that 
e among themselves with the greatest ease, 
ir be heated to a temperature of 212°, it boils 
mes steam. Its particles are still farther sepa- 
11 one another. 

articles of which all bodies are built up, and 
e loosened and separated when a solid melts 
uid boils, are called molecules. Molecule is a 
n the Latin, and means a little mass, 
ecules are exceedingly small, — It is impossible 
I solid so fine as to convert it into a liquid. A 
yold may be divided into particles so small, that 
barely be made out with a powerful microscope, 
;old is solid still. When heated, however, the 
i gold becomes a liquid ; that is, each minute 
separated into molecules. These molecules, 
much too small to be seen with the best micro- 



Molecules are not in actual con- 
' a brass ball, which at the ordi- 
perature will just pass through a 
ure i), be plunged into a freezing 
ind left until it becomes very cold, 
sn pass through the ring very eas- 
»uching it at all. 




F«. 1. If a bulb with a projecting tube be I 

o filled witli water up to a certain pouil 

y on the tube, and the bulb be then 

^fn^ plunged into a freezing mixtuR 

I - EiJI (Figure 2), the water will M in 

I -^ ' Hlii ^ ^^ ^^• 

I Mm ^H^M '^ ^ similar bulb be filled with tat, 
^^^^^^^^^^ and the end of tlie tube be held unda 
_^^BB^^^^B^ water (Figure 3), and the bulb bt 

cooled by means of a freezing tnii* 

ture, the water at once rises in the tube ; showing that 
the air occupies less space when cooled. 

Fii, ,. We find, then, that solids, liquid|i) 

and gases contract when cooled | u^ 
there seems to be no limit to ^ 
contraction, for they continue to «»; 
tract, however much tliey are cOoleA 
Now this contraction is best efr 
plained by supposing that the molfr 
cules come nearer together; 
since, so faras we know, a body 
continue to conb^act indefinitely, it follows that the nuAt^ 
cules are never in actual contact. 

4. T//e Spaces belween the Molecules t, 
in comparison toitk the Size of the Alolecules. 
Though tlie spaces between the molecules are v( 
minute, since they cannot be discerned even with thS; 
most powerful microscope, there are good reasons ft4 
believing that they are immense in comparison with th^' 
bulk of the molecules themselves." 




* The molecules of a body maybe compared to the earth, suDi 
moon, Bnd stars, and the spaces between the molecules 
spaces between these heavenly bodies. If we imagine h 
i small enough to live on one of the molecules in the centi 
L stone, as we live on the earth, he would, on looking out ii 
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^» Attractive Force and a Repulsive JRoree act 
VH Molecules. — If we attempt to puU any solid [ 

r', we perceive at once that the particles of 
it is composed are held together more or less 
], That whicli holds them together is called an 
Hive force. If a glass rod be dipped into water, a 
langs from its end when taken out. This drop is 
lip of molecules which are evidently held together. 
^ case of liquids, the molecules are held togetlier 
ebly, and tlie attractive force seems to be slight. 
(rubber bag partially filled witli air, and closed so 
^ air-tight, be placed under the receiver of an air- 
\ and the air exhausted from the receiver, the air 
( tlie bag will at once expand, as we see by the 
font of the bag. This shows that gases when left i 
biselves expand ; that is, their molecules separate. 
\ force which separates the molecules is called a 
bVe force. 

te these forces act between molecules, they are 
li molecu la rfo rces, 

Yhese ttvo Forces act tog-ether. — A brass ball (see 
" ) which will just pass through a ring at the ordi- 
imperature, will not pass through the ring after 
;d ; showing that the molecules of the ball 
len pushed apart. If, however, while the solid is 
we attempt to pull it asunder, it resists ; show- 
It the molecules arc still held together by an attrac- 
It is evident, then, that both forces act 



1 

Ibout him, see here and there, at immense dUtancee, other \ 
^s, SB we see the scattered stars in the heavens at night. 
Olecules, though eiceedinglj minute, are perfectly distinct 
(finite DiHsseB, like the earth, moon, and stars ; and they I 
||iarated by spaces many thouEand times as great aa thst | 
' ti -by U«h malecule. 



6 COHESION. 

7. The Three States of Matter, — When the attrac- 
tive force is considerably stronger than the repulsive 
force, matter is in the solid state; when the two forces 
are nearly balanced, it is in the liquid state; and when 
the repulsive force is the stronger, in the gaseous state, 

8. Cohesion and Adhesion, — The force which holds 
the molecules of a solid or liquid together is evidently the 
excess of the attractive over the repulsive force ; for if the 
two forces were just equal, they would just neutralize 
each other, and the molecules would not be held together 
in the least. 

- In the case of iron or water, molecules of the same 
kind are held together. When we mark on a blackboard 
with a piece of chalk, or write on paper with ink, mole- 
cules of different kinds are held together. 

The force which holds together molecules of the 
same kind is called cohesion; that which holds together 
molecules of different kinds is called adhesion, 

9. These I^orces act only through insensible Diy 
tances, — Two pieces of lead will not cohere if their sufw 
faces are rough ; but if we make them perfectly smooA 
and clean, and press them firmly together, they cohei^ 
quite strongly. Plates of glass, from simply resting upon 
one another in the warehouse, have been known to cohere 
so firmly that they would break elsewhere as readily as 
where tliey came in contact. 

10. Solids have considerable Cohesion, — Matter, ad 
we have seen, exists in three states, the solid^ the liquid^ 
and tlie gaseous. The distinguishing characteristic of 
solids is that the attractive considerably exceeds the re^ 
pulsive force. In solids, therefore, the cohesion is al-, 
ways considerable. The various properties of soli 
result from modifications of this molecular force. 

11. Tenacity. — ^^We find on trial that it is much eas- 
ier to pull in two a rod of lead than a rod of steel of the 



pe thickness ; showing that the molecules of some 
i cohere more strongly than those of others. 

ti a solid is tlius pulled in two, it is said to be rup- 

Tke fffwer ■which a solid has of resisting rup- 

s called tenacity. 

The relative tenacity of different solids is determined 

by finding how much force is required to rupture rods of 

e same thickness made of them. If it takes twice as 

li force to pull asunder one rod as anodier, the first 

is said to have twice tlie tenacity of the second. 

e relative tenacity of solids may be found by means 

El machine called a dynamometer. This name is made 

f two Greek words, and means^r. 



: form of the machine is shown in Figure 4. It 
a heavy iron irame, at one end of w^hich is a 
K containing a stout steel spring. A pointer connected 
"1 this spring moves over a graduated arc on tlie top 
! box. On the frame are two movable blocks, or 
1, one of which is attached to the spring, while the 
ter may be carried backward and forward by a screw 
d crank. 

jThe rod whose tenacity is to be tried is stretched be- 
ti the two slides, and the crank is then slowly turned 
s to pull upon the rod until it breaks. The force tlius 
ight to bear upc the rod bends tlie spring ; and the 



position of the pointer when the rod breaks shows bow 
much force it took to break it 

■ I. //ardaess and Softness. — If we indent a pieced 
india-rubber with the finger-nail, or strike a piece of leil 
a smart blow with a hammer, we see that it is posahlt 
to displace the molecules of a solid. W/iett it is eatyH, 
displact the molecules, as in the case of was, the solid If 
called soft; when it is dijicult to displace tAem, ai'^ 
the case of glass, the solid is called hard. 

To find which of two solids is the harder, see whicfc 
will scratch the other. The one which scratches is it 
wa^vs harder than the one scratched. Diamond is tilf' 
hai'dest solid known ; hence it is used for cutting glu^ 
which is iilso A very hard substance. 

13. Jilastidty, Bn'ttleness, Ductility, and MaSetf 
hilily- — When molecules have been displaced, one t{ 
three rcaiilts must follow, — they will return to their o 
lliill poiitiotiB as aoou as they are left to themselves,4li 
they will take up new positions, or they will fall t 
i»iiri(lur. 

II' we l)cr\d a steel rod moderately, it straightens u 
Mon III it is rclciised ; showing that displaced molecxM 
*oi)i«(liiiei lend to return to their former positions. 
t^HitvMfi' of molecules to return to their original J 
//mm n/)rr lurinj^ displaced is called elasticity. 

A dImcI rod may he bent a good deal, and yet straightH 
whail lt>lt>iiaed; bill if It be bent beyond a certain poinl 
H will 111) liiiiK«r ktraitchten, showing that the molecule! 
nrtur llii»y liiive been displaced beyond a certain limil 
laii'l til MMUiilii 111 ihcir new positions. The greatest ei 
Uml lo wlildi the innletiilca of a solid can be displace* 
Hlt<l yv\ t((j htii;k 111 their former positions, is called Ih 
limit \}f vlHitirily for thnt solid. All solids are found | 
lia •Iflkllu, but tiicy dillcr very much in the limit of thei 
dlMtivlty. Tlie molecules of aleel and in^^rubber c 
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be disjplaced a good deal without becoming fixed in new 
positions, while those of glass and pipe-clay can be dis- 
placed but slightly. 

' If a glass rod be bent within a certain limit, it will 
straighten when released ; but if it be bent beyond this 
limit, it will not remain bent, but will break. W^en the 
displaced molecules cannot take uf permanently new 
positions^ the solid is said to be brittle. Hard solids are 
likely to be brittle also ; but hardness and brittleness are, 
as we have seen, entirely different things. 

WJien the molecules after being displaced can take 
up permanently new positions^ the solid is ordinarily 
described as malleable or ductile. It is said to be mal' 
leable when it can be hammered or rolled out into 
sheets; ductile when it can be drawn out into wire. 

Gold is one of the most malleable of the metals. In 
the manufacture of gold leaf, it is hammered out into 
sheets so thin that it takes from 300,000 to 350,000 of 
them to make the thickness of a single inch. 

Wire is made by drawing a rod of metal through a 
series of conical holes in a hardened steel plate. Each 
hole is a little smaller than the preceding, so that the rod 
becomes lengthened and diminished in thickness as it is 
drawn through one after another. 

In the drawing of iron wire, the molecules are sepa- 
rated, yet the tenacity of the iron is greatly increased, so 
that fine iron wire is the most tenacious of substances. 
A bar one inch square of the best wrought-iron will sus- 
tain a weight of thirty tons ; a bundle of wires one-tenth 
of an inch in diameter, containing the same quantity of 
material, will sustain a weight of from thirty-six to forty 
tons ; and if the wires have a diameter of only one-twen- 
tieth or one-thirtieth of an inch, the same quantity will 
sustain from sixty to ninety tons. Hence cables made of 
fine iron wire twisted together are much stronger than 
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bars or chains of the same weight The cables of fxar 
pension bridges are made in this way. 

The following Table gives the most useful metals in 
the order of their tenacity, malleability (both under Ac 
hammer and the rolling-mill), and ductility: — 



Tenacity. 


Malleability under 
the Hammer. 


Malleability under 
the RoUing-MilL 


Ductility. 


Iron 


Lead 


Gold 


Platinum 


Copper 


Tin 


Silver 


Silver 


Platinum 


Gold 


Copper 


Iron 


Silver 


Zinc 


Tin 


Copper 


Zinc 


Silver 


Lead 


Gold 


Gold 


Copper 


Zinc 


Zinc 


Lead 


Platinum 


Platinum 


Tin 


Tin 


Iron 


Iron 


Lead 



14. Solids are somewhat Compressible. — Some 
metals are permanently diminished in bulk by hammer- 
ing ; and so also by the pressure to which they are sub- 
jected in the process of coining. The stone columns of 
buildings are frequently shortened by the great weight 
resting upon them. This was found to be the case wid» 
the columns supporting the dome of the Pantheon a* 
Paris. 

15. The Molecules sometimes arrange themselves if^ 
Crystals. — If alum be added to hot water as long as ii 
will dissolve, and then the water be allowed to cod 
slowly, a part of the alum will be deposited on the bot- 
tom of the dish, not in a confused mass, but in beautiful 
and symmetrical forms, called crystals. 

Melt some sulphur in a crucible, and let it cool slow!) 
till a crust forms on the surface ; then carefully breai 
the crust, and pour off the remaining liquid. Thtj 
crucible (Figure 5) will be found lined with delicate 
needle-shaped crystals. 
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:neral rule, the molecules 
tend to arrange themselves 
. The same solid usually 
s in the sitnie form, but 
olids in different forma. 

cases of crystallization 
! have already described, 

is 6rst brought to the -^ 
e, ihai the molecules may ~ — 

u/om of motion. The building of a crystal out 
les is much like building a house out of bricks, 
B must be taken one by one and laid in regular 
ire they are cemented together. So, in forming 
the molecules must be arranged one by one in 
tier before they are fastened together by the 

crystals of many solids can be obtained by dis- 
I much of the solid as is possible in cold water, 
letting it away in a shallow dish where it will be 
dust and disturbance, and allowing the water 
ite very slowly. TAe more gradual the for- 
be larger are the crystals. The large crystals 
ibinets of minerals were probably centuries in 
The water in which the solid was dissolved 
way into a cavity of a rock, and there slowly 
i. 

dency of the molecules to form crystals is strik- 
wn in cannon which have been many times 
in shafts of machinery and axles of car-wheels 
continually jarred. Such bodies often become 
d on breaking show the smooth faces of the . 
hich have been formed. The continued Jar' 
IS the molecules a slight Jreedom of motion, 
lis are slowly built up. 
alids «re crystalline in structure which do not 



appear to be so. Thus a piece of ice is a mass of ^ 
most perfect crystals, but tliey are so closely packed fr 
gether that we cannot readily distinguish them. 

16. The Molecules cohere more strongly on someiUA 
than OH others. — It is easy to cleave a piece of miamt 
other crystal in certain directions, but difficult to cleme 
it in other directions, The molecules cohere niO» 
strongly on some sides than on others. Iron and odup 
solids are not so tenacious when crystalline in strucUiR 
as when not crj-stalline. This is because the moleodtt 
in crystals are arranged in layers, so tliat the weakot 
sides are brought face to face. 

17. Anneaiirig and Tempering. — If melted gla«tbf 
dropped into cold water, it forms the well-known Rw 
port's drops., which are so brittle that, if we break offtiw 
small end or scratch tliem slightly with a file, they fly is 
pieces. When glass is allowed to cool in the air at 
the ordinary temperature, it is also very brittle. In order 
to make it tough enough for ordinary use, it must be 
cooled veiy slowly, or annealed. This is done by pa» 
iitg it slowly througj) a long oven, which is kept very hoi 
at one end and cool at the other. 

Steel, also, when suddenly cooled from a high temper 
ature, is very hard and britde ; but when slowly coole^i 
il is very tough and pliable. The process of giving st^d: 
various degrees of hardness is called tempering. Xh^ 
Btcul 1b first heated white hot, and then suddenly cool^t 
by phmging it into cold water. It Is thus rendered wg 
brittle. It is then reheated, and allowed to cool slowM 
Wlien it is to be made quite hard, it is reheated 1^ 
•lightly ; when quite soft, it is reheated a good deai 
The more it is rcli'ented, the softer it becomes on coolina 
Tliewj different conditions of glass and steel are probabljij 
owing to differences in the arrangement of the molecules. 

tS. Liquids have little Cohesion. — The cj^^char. 




cteristic of liquids is that the attractive and repulsive 
brces acting between the molecules are very nearly bal- 
iced, the attractive force being slightly the greater, 
e in liquids the cohesion is slight, and the mole- 
are free to move among themselves. 
i piece of lead be carefully measured, then melted 
tnd measured again, it v^'ill be found to have increased 
I bulk. Hence, when any substance is in a liquid 
ttate, the molecules are farther apart than lohm it is 
t a solid state. This explains why, in moulding bal- 
lets, the mould is never quite filled by the bullet. 

There are a few exceptions to this rule. If, for in- 
stance, a bottle be filled witli water and tightly corked, and 
allowed to freeze, the bottle will burst. The molecules 
of ice, then, must be fartlier apart than those of water. 

19. Liquids are but slightly Com- *'B' ^ 

'^ressible. — The apparatus repre- 
lented in Figure 6 consists of a very 
thick vessel of glass closed at top 
and bottom. Within the vessel are a 
piston ^vhich can be moved by the 
thumb-screw at the top, and a glass 
bulb which is prolonged by a very 
e tube, bent as represented. Fill 
tiie bulb and tube with any liquid, 
s water, and plunge the end of the 
1 the mercury which covers 
e bottom of the vessel. Then fill 
file vessel with water, and apply 
sressure by turning the scre^. The 
nercury will rise in the tube, show- 
ng that the liquid in the bulb has 
?een compressed. This compres- \ 
on, however, is but slight, amount- 
ig at most to a few miUiontlis of the bulk of the liquid. 




ao. Liquids are perfectly Elastic. — However n 
the screw, in the above experiment, may be turned^ 
or however long it may be left, the moment we:4 
it the mercury will fall inside the tube to a lei 
the mercury outside ; showing that liquids are | 

This elasticity is developed only -wken the Ok 
compressed; tliat is, when the molecules bav< 
brought nearer together. In whatever other i 
molecules may be displaced, they show no t 
return to their former positions. 

zi. 72e Molecules in Liquids when left to Ihemsehe 
collect into Spheres. — If a mixture of water and alcohol 
be made, which is Just as heavy as sweet-oil, bulk lor 
bulk, and a quantity of the oil be carefully introduced 
into the centre of this mixture by means of a dropping- 
tube, the oil will neither rise nor sink, but gather into a 
beautiful sphere. This shows that when the molecule! 
oi a liquid are left to themselves, they at once collect 
into spheres. 

Rain-drops, dew-drops, and the manufacture of shot 
illustrate this tendency of the molecules of liquids. la 
making shot, melted lead is poured through a sie\-e at 
the top of a very high tower, and the drops in fftllii^ 
take the form of spheres, which become solid before tiuy 
reach the bottom. I 

23. Gases have no Cohesion. — In gases, as has al<t 
ready been shown, the repulsive molecular force exceedflt 
the attractive. Hence there is no cohesion in this statK 
of matter, and the molecules move among themselveii 
with greater freedom than those of liquids. 

The molecules of any substance are farther apart in the 
gaseous state than in either the solid or the liquid state. 
Fill a test-tube nearly full of water, then close it tightly 
with a cork through which a fine ti'he passes^ nearly to 
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Fig. 7. 




Ifae bottom of the test- 
tube. Boil the water so 
as to convert a portion of 
it into steam, which is a 
gas, and the water will 
be driven forcibly out of 
the fine tube (Figure 7) ; 
showing that the steam 
occupies more space than 
the water from which it 
comes. 

23. Gases are readily Compressible. — The Fig- 

Fig. & ure represents a U-tube 

closed at one end and 
open at the other, with a 
nipper-tap ♦ at the bend. 
Pour in mercury enough 
to cover the bend. The 
closed end is now filled 
with air. Pour in more 
mercury and this column 
of air rapidly shortens ; 
showing that gases are 
highly compressible. 

24. Gases are perfectly Elastic. — Open the nipper- 
tap that the mercury may run out, and it is entirely 
driven out of the closed arm of the tube. To prove that 
it is the elasticity of the air which drives out the mercury 
from this arm, fill the closed arm and a part of the open 
arm with mercury, and open the nipper-tap. The mer- 
cury will flow out from the open arm, and not from the 
closed arm. 

Air and other gases are perfectly elastic. 




• See- '" ^•^nendix, Notes on Bxperinuftts* 



l6 COHESION. 

SUMMARY. 

Matter is made up of particles too small to be seen, 
called molecules, (i, 2.) 

These molecules are not in actual contact with one 
another. It is probable that thje spaces which separate 
them are immense in comparison with the size of the 
molecules themselves. (3? 4.) 

There is an attractive molecular force^ which holds 
the molecules together, and a repulsive molecular force^ 
which pushes the molecules apart. (5.) 

These two molecular forces act together^ and the re^ 
pulsive molecular force is increased by heat. (6.) 

There are three states of matter : the solid state, in 
which the attractive force is considerably the greater; 
the liquid state, in which the two forces are nearly equal ; 
and the gaseous state, in which the repulsive force is the 
gpreater. (7.) 

The force which holds together molecules of the same 
kind is called Cohesion; that which holds together mole- 
cules of different kinds. Adhesion. (8.) 

Cohesion is the excess of the attractive over the repul- 
sive molecular force. In solids^ it is comparatively strong ; 
in liquids^ it is weak ; in gases^ it does not exist. 

The properties of solids depend on the action of the 
cohesive force. (10.) 

The tenacity of a solid is its power of resisting rup- 
ture. (11.) 

A solid is called hard when it is difficult to displace 
its molecules; soft^ when it is easy to displace theiJU 

(12.) ^' 

Elasticity is the tendency of the molecules, on beii 
displaced, to return to their original positions. All solic 
are elastic, but differ greatly in the limit of their elas 
Hcity, 
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A solid is said to be brittle when its molecules cannot 
take up permanently new positions. 

It is said to be malleable or ductile when they can take 
permanently new positions: malleable^ when it can be 
hammered or rolled into sheets ; ductile^ when it can be 
drawn into wire. (13.) 

Solids are somewhat compressible. (14.) 

The cohesive force often arranges the molecules of a 
solid into regular forms called crystals, (15.) 

The cohesive force is stronger on some sides of the 
molecule than on others. (16.) 

The molecules are farther apart in the liquid than in 
the solid state ; yet liquids are less compressible than 
solids. (19-) 

Liquids are perfectly .elastic; but their elasticity is 
developed only when the molecules are brought nearer 
together. (20.) 

The molecules of a liquid^ when acted upon only by 
cohesion, tend to collect into spheres, (21.) 

In the gaseous state, the molecules are farther apart 
than in the liquid state. (22.) 

Gases are readily compressible^ and when compressed 
^t perfectly elastic, (23, 24.) 
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25. Adhesion between Solids and Solids. — Adhesion 
has already been defined as the force which holds t(h 
gether unlike molecules. 

The sticking of the chalk to the blackboard, of the 
graphite of the pencil to paper, and of dust to furniture, 
prove the existence of this force between solids and 
solids. The use of the various cements also illustrates 
this force. 

When solids are held together by cements, cohesion 
and adhesion are both brought into play. When, for 
instance, two pieces of wood are held together by means 
of glue, the adhesive force holds the wood on each side 
to the glue, and cohesion holds together the molecules of 
the glue. 

When furniture breaks, we often see that the wood 
splits instead of separating from the glue. So also stones, 
are sometimes cemented together so firmly that the stone 
itself will break sooner than separate from the cement 
The adhesive force between two solids is frequently 
stronger than the cohesive force of the solids them- 
selves. 

26. Adhesion between Solids and Liquids. — If we 
dip the hand in water, it comes out wet. This fact, wiith 
others equally familiar, proves that there is also iui 
adhesive force between liquids and solids. 

27. The Adhesion between a Liquid and a Solid 2^ 
sometimes not strong enough to overcome the Cohesion 
of the Liquid, — If a glass disk be suspended from ont^ 

pan of \ balance and counterpoised by weights, and then 



Cought in contact with mercury, it will require addi- 
mal weight to raise the disk from the mercury, and the 
li comes off dry. This proves, first, that there is adhe- 



glass and mercurj-, and, secondly, that this 
Ihesion is not strong enough to overcome the cohesion 
a mercury. 

. The Adhesion bei-ween a Solid and a Liquid is 
netimes strong enough to o-aercome the Cohesion of 
t Liquid. — If a glass plate be laid upon the surface 
water and then removed, it comes off wet, that is to 
', covered with a film of water ; showing that the ad- 
^ion hetween a solid and liquid is sometimes strong 
tough to overcome the cohesion of the liquid. 

; adhesion takes place only at the surface, it is 

^dent that we may increase the adhesion of a solid 

I liquid by increasing the surface of the solid. 

[fwe fake a stone, and break it In two, it evidently 

S all the surface it had before it was broken, and, in 

■ditiou, the two surfaces exposed by the breaking. The 

! it is broken up, the 

It way, then, to 

Iverizeit. 



iurface it exposes. The 
the surface of a soUd is to 



If pulverized bone-black be mixed with vinegar, or 
with wine, and the liquid be separated agftin by pourii^ 
the mixture upon unsized paper placed inside a Ainneli 
the liquid that runs through will be colorless. All vege- 
table colors can be removed from liquids in tiic same 
way. The process is called clarifying- the liquid. 

Bone-black is obtained by burning bones in closed ves- 
sels. It is pulverized tlial it may present more Burface. 
Other substances may be used for clarifying liquids. 
Next to bone-black, ordinary charcoal is the best and die 
most frequently used. The bone-black evidently remoTM 
the coloring matter by means of the adhesive force which 
exists between the two. The coloring matter adheres tt 
the bone-black more strongly than to the liquid, or the 
two would not be separated. 

29, The Adhesion del-ween a Solid and a Liquid it 
sometimes strong enough to overcome the Cohesion af 
the Solid. — If some Epsom salts be put into water, the 
salts will speedily become liquid. The adhesive force be- 
tween the water and the salts overcomes tlie cohesi^t fere*, 
of the solid, since it reduces the solid to the liquid f 

30. Three Cases of Adhesion between Solids 1 
Liquids. — We have, then, three well-marked cases^*!] 
adhesion between solids and liquids : — 

I St, When the adhesive force is not strong enough 'N 
overcome the cohesion of the liquid. In this 
liquid cannot ivet the solid. 

2d, Wlien the adliesive force is strong enough to c 
come the cohesion of the liquid. In this case, the liqfl 
can ivet the solid. 

3d, When the adhesive force is strong enough to ovt 
come the cohesion of the solid. In this case, the liqu 
zsin dissolve the solid. The liquid which dissolves it 
solid is called a solvent, and the liquid in which ( 
sohd has been dissolved is called a solution. 



, Heat promotes Solution. — We fiud on trial that 
^m salts will dissolve more rapidly and in greater 
untity in hot than in cold water. We have already 
Und (i, 6) that heat tends to overcome cohesive force. 
B a general rule, solids dissolve in greater quantities and 
e readily in hot than in cold liquids ; but there are 
pceptions, among which are lime and Glauber's salts. 
jz. Capillarity. — If one end of a fine and clean glass 
fee be put into water, tlie water will rise inside the tube 
; tlie surface of the water outside. If one end of 
a tube be put into mercury, tlie mercury will fall 
side tlie tube below the surface of the mercury outside. 
his action of liquids inside tubes is called capillarity, 
e force whicli draws some liquids into tubes and pushes 
fiers out, has been called capillary force. This name 
s convenient one, though capillarity really results from 
e combined action of certain other forces. 
^We have seen that water will -wet glass (aS), while 
(ffcury will not (27). We have, then, two distinct 
tea of capillarity, corresponding to two t 
II between solids and liquids ; for thos 
Uwet a tube are drawn into 
iiVvhile those which wilt not -wet 
B driven out. Mercury will 
sine, and it is drawn into s 
le of zinc, just as crater is into | 
^tube of glass. 
We find by using glass tubes of 

ss, that the finer the tube, the higher the water 
and the lower the mercury falls ; that is, the more 
is the capillarity. The word capillary comes 
8 Latin word {capillaris), which means Aair- 
The force was called capillary because its action 
ist powerful in hair-like tubes. This force, however, 
in tubes of every size, and iu tact a tube v 



I of adhe- 
e liquids which 
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ceeeuy for its action. Put two plates of gkse togetM 
as represented in Figure 1 1, and then dip then 

Fig. ji. or mercury. The water wiB 

rise between the plates. anJ 
the mercury will fall. 

33. Illustrations of CafSit 
larity. — A lamp-wick is (oB' 
■ of tubes and pores ; and cajwl* 
I lary force draws the oil uH 
through these to the top 
the wick, where it is bunifl 
When one end of a cloth ia put into water, capillary fw* 
draws tlie water into the tubes and pores of the cloth, 
the whole soon becomes wet. In the same way, a lumj 
of sugar, or other porous substance, soon becomes 
throughout, if a corner of it is put into water. Btotlinff 
paper is fuU of pores into which the capillary fbrc( 
draws the ink. The use of a towel for wiping any thifj 
which is wet depends on tiie same principle, 

34. Strength of the Capillary Force, — When a pi 
of cloth is wet, it is quite impossible to wring 
it dry. This shows tliat the capillary force whid 
the water into the pores of the cloth is very stro! 
Many other facts prove the strength of the capil 
force. 

35. Capillary Force never causes a Liquid to 
through a Tube. — If we take a glass tube, in y 
the capillary force will raise water two inches, and 
the tube into water so tliat not more than half 
shall be above tlie surface, the water will not overfli 
the tube. If, however, the water be removed as aoi 
as it comes to the top, more will rise to take its plaqt 

When a lamp is burning, the oil is passing up ct] 
tinually through the wick, because it is burnt 
as it reaches the top ; but when the lamp is not burnii 



oil does not overflow the wick. The wick of 
ihol lamp must be covered with a cap when not in 
or the alcohol will evaporate as fast as it comes to 
top of the wick, and so all pass out of tfie lamp. 
5. Adhesion belvieen Solids and Gases. — If a piece 
^xwood charcoal be put into a jar of ammonia gas 
mercuiy, the mercury rapidly rises into the jar.* 
ammonia gas, then, is draw^n into the charcoal by 
lodheslve force ; showing that there maybe adhesion 
'een the molecules of a solid and tliose of a gas. 
ill a gas is takeo up in tills way by any substance, it 
Hid to be absorbed. 

{Vben the ammonia gas is absorbed by the charcoal, 
Hist occupy less space than before. When a gas is 
trijed by a solid, then, the repulsive force of tlie gas 
to be overcome. We know tliat cold helps to over- 
e the repulsive force (3). Hence we should expect 
a solid would absorb a gas when cold more readily 
when hot ; and this is found to be true. 
eat, on the other hand, increases tlie repulsive force. 
solid which has absorbed a gas be heated, the repul- 
force of the gas is increased, so that it finally over- 
es die adhesion of the solid for the gas, which then 
es the solid. The charcoal is heated before it is 
, into the jar, In order to expel the air from its pores, 
J. Adhesion betvjeen Liquids and Liquids. — If oil 
lured upon water, the oil, which is tlie lighter, soon 
to the top and remains entirely separate from the 
:. If alcohol, which is also lighter than water, be 
ito water, the two will tlioroughly mix.f This 
Lt the molecules of the alcohol adliere to those 
id Chat tliis adhesion is strong enough 
cohesion of the liquids. 
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me.y be shown better b; using colQKd'wWn- 
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irly all liquids will mix when ] 
igh some will mix much more readily tl 
. Diffusion of Liquids. — Put some 
~nilo a tall glass jar, and then with a i 

pour in some water (Figun 
water will remaio for a I 
bottom of the jar, and itsT 
from the alcohol will 
lined ; but on standing a fcw dsf 
two liquids will become thort 
mixed. This mixing of li^ui 
being mere/y iroN^ht into tJ^ 




ilquWs diffuse mto each other I 
different rates ; while some, as 
water, will not diffuse at all. 
39- Osmose of Liquids. — Fa 
) bladder air-tight to the end of 
glass tube, fill the bladder with a 
: into a vessel of wate: 
ure 13). The liquid will gradually rise in the 
showing that the water has passed into the \ 
At the same time the alcohol passes slowly out aiid 
with the water. 

The mixing of liquids when separated by a ihn 
brane or porous substance is called osmose of liq% 
Liquids do not mix at the same rate when sei 
by a thin membrane or porous substance as wl« 
mix by simple difiusion. The rate of mixing is xt 
in a striking manner by the presence of the menib 
porous substance. 

40, Adhesion between Liquids and Gases. ^ 
small glass jar inverted over mercury be fiUe, 
ammonia gas, and then pour some water over t 
: of the mercury. Raise the jar carellilly, , 
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iuth comes m contact with the water, tlie 
ktas and completely tills the jar. The ammonia 
■bed by the water, j 

y that the mole- 
'tlie gas adhere to 
Fflie water. 
same gas is not 
dwith equal read- 
T all liquids. Am- 
gaa, which is ab- 

so greedily by 
is not absorbed at 
mercury. 

?o/rf a«rf Pressure 
le Absorption. — 
a gas is absorbed 
]uid, as w^hen ab- 

by a solid (36), 
lecules are brought i 
together and the ~ '~ 

t^e force overcome. Both cold and pressure, as 
'e seen, help to overcome this force ; hence they 
he absorption, 

effect of pressure on the absorption is illustrated 
rwater, which owes its agreeable taste mainly to 
isence of carbonic acid gas in tlie water. Water 
rhonic acid are brought in contact in the fountain, 
ejected to very great pressure. When the water 
from the fountain, this pressure is removed ; and 
bonic acid escapes in thousands of little bubbles, 
f the liquid to foam, or effervesce. 
nary aqtta ammonia is water which has absorbed 
lia gas. If it he heated, the gas escapes. The 
Lcreases the repulsive force of the gas, and thus 
DoeiitB adhesive force for the liquid. Thvs 



d 

I 
1 




ordinaiy way of freeing a liquid from a gas wl 
i absorbed. 

Common spring-water owes much of its pl< 
o the presence of carbonic acid and other gases w 
absorbs from the 
this water is boiled, 
gases escape, and it be 
very insipid. The cc 
agitation of running 
helps it to absorb 
since it is thus made t 
sent more surface to ti 
43. Diffusion of Ga 
Two bottles arc conj 
by a long glass tube 
ure 14). The lower, 
is then filled with ca 
acid and the upper wi 
drogen gas, ■which is 
much lighter than ca: 
j. acid. Afler a time, ti 
drogen will be found H 



^^^p passed down and mixed with the heavier carbonic 
I and the carbonic acid to have mixed with the hyc 

I in the upper bottle. 

I We may prove that there is carbonic acid in t 

I per botde by pouring lime-water into it and shak 

I Carbonic acid makes lime-water milk-white, whil 

drogen has no effect upon it. 

The mixing of gases -when brought in cent 
called diffusion of gases. 

Different gases diffuse into each other at veiy dii 

rates. As a general thing, the more the gases di: 

weight, the more rapidly they diftiise into each oth< 

43. Osmose of Gases. — A long glass tube is fei 

sir-tight, hy means of a cork and sealing-wax, m 



n end of an ungljtzed porcelain cup. The cup is then 

» that the end of the tube dips beneath the a 

; of water, and a large 

U-jar of hydrogen is heid 

- the cup. There is an 

tant rush of bubbles from 

H end of the tube up through 

i water, showing that the 

t^fdrogen has passed through 

leporesofthe cup and mixed 

h the air inside. Remove 

w the jar of hydrogen, and 

le water at once rises in the 

Ibibe; showing that the hy- 

inside tlie cup has 

d out through the pores 

bmix with the air outside. 

fiTie mixing- ofgasesvihen 

iarated by a porous sub- 

' thin tnembrane is 

i osmose of gases. 




SUMMARY. 



bn is the force wliich holds together moleculeB 
wdi^erent kinds, 
i acts between molecules of solids and solids, solids 
iquids, solids and gases ; also between liquids and 
I liquids and gases. It is doubtful whetlier 
B between the molecules of ditferent gases, 
adhesion between two solids is sometinjes stronger 
,i.ihe cohesion of the solids themselves. {2S-) 
Here are three cases of adhesion between solids and 
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ist, When the adhesion is not strong enough to 
come the cohesion of the liquid, and the liquid 
wet the solid. 

2d, When it is strong enough to overcome the 
sion of the liquid, and the liquid can ^wet the solid. 

3d, When it is strong enough to overcome the 
sion of the solid, and the liquid can dissolve 
solid. (26-30.) 

Heat generally promotes solution, since it helps 
overcome the cohesion of the solid. (31.) \ 

Capillary force acts upon liquids in tubes. LiqiiM 
which can wet a tube are drawn into it, while liquids 
which cannot wet it are driven out of it. The finer the 
tube, the more marked is the capillarity. (32.) 

The capillary force is very strong ; but acting alone it 
never makes a liquid flow through a tube. (33, 35.) 

When a gas is absorbed by a solid or by a liquid, the 
adhesive force between the molecules of the solid or 
liquid and those of the gas must be strong enough to 
overcome the repulsive force of the gas. (36, 40.) 

Heat hinders absorption, since it increases the repul- 
sive force between the molecules of the gas. Hence 
gases absorbed by solids or liquids can be separated 
firom them by means of heat. (36, 41.) 

The same gas is absorbed by some solids or liquids 
more readily than by others. (40.) 

The adhesive force between the molecules of different 
liquids causes the liquids to mix. The mixing of liqi:^ds 
on mere contact with each other is called diffusioik, c£ 
liquids. (38.) Ip 

Liquids also mix when separated by a thin membrj^e 
or porous substance. This ipixing is called osmos^e of 
liquids. (39.) -f 

Gases, like liquids, mix by diffusion and by os\^fifM^ 

(42> 43-) ^ 
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MECHANICS. 



{ PRESSURE. 

f 

i WEIGHT. 

44. Matter is acted upon by Gravity. — Thus far 
we have been dealing with forces which act between the 
molecules of matter. We are now to study a force which 
acts between masses of matter. When a stone falls to 
the earth, it is because this force acts between the stone 
and flie earth to draw them together. We know that the 
moon is continually moving round the earth. Were it not 
for this force acting between these two great masses, the 
moon would fly off* in a straight line, and we should never 
see her again. As it is, while moving onward, she is all 
the while falling towards the earth, and her path is thus 
bent from a straight line into a curve. It is found that the 
strength of this force diminishes as the square of the 
distance increases; that is, at double the distance its 
strength is one-fourth, at thrice the distance one-ninth, 
and so on. It can be proved that the moon obeys this 
law and falls towards the earth just as fast as a stone 
would fall if it were as far off*. / 

It is the same force which keeps the earth in its p/^i/ 
about die sun, and which guides all the stars of hep the 
in theijr appointed courses. It acts upon every m^ f^ay 
mattqf in the universe, from the dust that floats 

70 moons and planets and suns, com^atv 



whose vast bulk this earth of o 

of dust. This force is called gravity.* 

45. Weight. — When a stone is held in the banSil 
is felt to press downward. This is because gian^l 
drawing it towards the earth. The t; 
■which gravity causes a body to exert is called 
■weight. 

When diflerent bodies, as iron and wood, are lakfl!' 
the hand, it is easy to feel that some are heavier I 
others ; but it is not so easy to tell exactly how n 
they differ in weight, 

46. The Spring Balance. — '&\A.ihe-<ffe\^\.t£x\ 
may be made to bend a spring, and, when ( 
bodies are made to bend the same spring, we can n 
tell how much heavier one is than another by seeing In 
much more it bends the spring. If it bends the ^ 
twice as much, it is twice as heavy ; and if three tiiw* 

pjg ,6. much, it is thrice as heavy. 

for finding the weight of a body in I 
way is called a spring halancei aild t 
form of it is shown in Figrire 

:s of a steel spring wound into a fl 
One end of this coil is fastened to all 
ahd the other to a hook. The bo^lo 
weighed is fastened to the hook, and 
wliole raised by the ring. The we^ 
tlie body straightens or draws out ' 
spring. A pointer moving over a plal 
front, wliich is divided into equal ' 
shows how much the spring has been dra^vn oul 
body which will straighten the spring a certain 

• We have already referred (see foot-note on page 4^., 
analogy between the molecules in a mass and the grent ' 
in solar and stellar syalems. The analogy can be eirtei 
the forces acting among the units which make up the 
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18 said to weigh a pound ; one which will straighten it 
ludf as much, half a pound ; one fourth as much, a 
quarter of a poimd ; twice as much, two pounds ; and 
80 (m. 

47« The Balance. — An-; 
other instrument for find- 
ing the weight of a body 
is called a balance^ and is 
shown in Figure 17. It 
consists of a bar turning on 
a pivot in the centre, and 
having pans hung front 
each end for holding the body to be weighed and the 
ToeightSy which are pieces of iron or brass whose weight 
is known. The body to be weighed is placed in one 
pan, and weights are put into the other until they balance 
it The body weighs as much as the weights used. 

48. 77ie Steelyard, — Yet 
another weighing instrument is 

the steelyard^ shown in Figure 

, 18. It differs from the balance 

in having one long and one 

short arm. The weight P can 

be moved upon the long arm, 

and shows the weight of the 

body by its distance from C. 



Fig. 18. 




THE CENTRE OF GRAVITY. 

49. T%e Centre of Gravity, — The centre of gravity 
\Ctfa body is a point such that the force of gravity act- 
^upon the fart of the body on one side of this point 
^^^^^^^'^^ balances the force of gravity acting upon the 
intiieiy the opposite side^ no matter how the body may 





3^ 

50. 7%^ Centre of Gravity is not always in the Body 
itself. — If a straight strip of metal or wood be fiutened 
to the sides of a ring so as to pass tfaroi;^ its centre,it 
will be found that the ring will rest in any position wbes 
the centre is supported ; and that it will not thus leouuft 
at rest on any other point. The centre of gravity, AeOt 
of a ring which is exactly alike duoii^faout its wbok 
extent is at the centre of die ring. If one part (rf fte 
ring is heavier than the other, the centre of gravity wiD 
be found to be between the centre and die heavier part 

When two balls of die same we^;bt 
are connected by a straight rod (Fi^ 
ure 19), die centre of gravity will be 
found to be at die centre of the rod. 
If one ball be twice as heavy as die 
other, die centre of gravity will be ia 
the rod at a point twice as near the 
heavier ball as die lighter ball. If the heavier ball be 
three times the weight of the lighter ball, the centre of 
gravity will be thrice as near this ball as the other. 

If the balls are connected by a curved rod, the centre 
of gravity will no longer be in the rod, but in a straight 
line which joins the balls. Its distance from the balls 
will be as explained above. 

51. Equilibrium. — When a body is at rest^ it is 
to be in equilibrium* When it is at rest in such a fosi' 
tion that on being slightly disturbed it again retui^ 
to this position^ it is said to be in stable equilibrium 
When it is at rest in such a position that on bdH 
slightly disturbed it seeks a new position of rc^/, ' 
is said to be in unstable equilibrium. When a l;^ 
remains at rest equally well in any position^ it is 
to be in indifferent equilibrium. 'i**"*' 

5a« The Centre of Gravity always seeks the \ ' ^^ 
Point. — In every case, it will be found that the ce^ \ 
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gravity of a body seeks the lowest position that it can 
take. Hence, when a body is so situated that its centre 
of gravity is raised by tipping it in any direction, it is in 
stable equilibrium ; when any disturbance of the body 
tends to lower its centre of gravity, it is in unstable 
equilibrium; when, on being disturbed, its centre of 
gravity neither rises nor falls^ it is in indifferent 
equilibrium. 

In Figure 20, g e shows the path which the centre of 
gravity g must take when the body is tipped. Until g 
reaches the point ^, the body tends to go back, because 
in so doing the centre of gravity would fall ; but as soon 
as g passes ^, the body tends to go over, because in so 
doing the centre of gravity would fall, h e shows how 
much the centre of gravity must be raised to overturn the 
body ; and this distance is seen to be greater when the 




body is resting on the side a b than when it is resting on 
the side b c. It will be found that much more force will 
be required to overturn it in the latter case than in the 
-^^er. Hence, the more the centre of gravity of a 
has to be raised in order to overturn it^ the more 
its equilibrium. 

ill also be seen from Figure 20 that the broader 
se of a body compared with its height^ the more 
\ its eguilibrium. 
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Mntre of gravity. In the same way, the image ij 

ure ij is balanced on its toe by i 

heavy balls beneath. So, too, in 

the " prancing horse " (Figure 24) 

■lie centre of gravity is brought 

beiow the point of support by tlic 

leaden ball at the end of die 

ciUTed rod. 

53. ffcnv io Jind the Centre of ^ 
Gravity of a Solid. — When a _ 
sione, as in Figure 35, is hung by b 
"le cord A, the centre of gravity 
"Hist be directly under tlie point 

cf support ; that is, somewhere in tlie line A B. If the 
f*nie stone be hung by the cord C, its centre of gravity 
•Bust still be below the point of support, somewhere in 
line C D. Since the centre of gravity is in both the 
s ^ J5 and C Z>, it pj^, „ 

■loust be at the point G, 
Where they cross. 

To find the centre of 
|Ta^^ty of a solid, then, 
iuspend it from any 
^int of its surface by 
jnteans of a cord, and 
'notice the direct iofi 
which the cord takes. 
Then suspend it from 
Wther paint, and again notice the direction of the 
The point -within the body -where lines dra-wn 
directions -would cross each other tvHl be the 
g/" gravity. 
course, if the solid be of regular shape and of 
density^ the centre of gravity ia at the centre 
lilude. 
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SUMMARY. 



Matter is acted upon by gravity, which gives \ 
weight. (44, 45.) 

The weight of bodies may be found by the sprh 
balance {46), the balance (47), or the steelyard {j^ 

A point can always be found such that the force'j 
gravity acting upon the part of a body to the right of it9l 
always balanced by the force of gravity acting upon iJuJ 
part to the left of it, no matter in what position the li 
may be placed. This point is called the centre ofg) 
ity, and sometimes lies within a body and t 
without it. (49, 50.) 

A body at rest \s in equilibrium. Its equilib 
may be stable, unstable, or indifferent. (51.) 

The centre of gravity always seeks the lo-west posiHt 
which it can take. The stability of equilibrium dep( 
upon the position of the centre of gravity, and upon b 
much it must be raised to overturn the body. (52.) 

The centre of gravity of a solid uaay be found bv ■ 
pending the body &om two points of its surface. (st?\ 

PRESSURE OF LIQUIDS. 

54. Him to find the Weight of a Liquid. — ff^ 
weigh a cup and then fill it with water and weic 
again, we shall find that it weighs more in 
case. Liquids, as well as solids, are acted upon by « 
ity, which causes them to exert a downward press! 
The weight of the water in the cup is the weight c 
cup when lull of water less the weiglit of the empty J 
_ j^^ filled with quicksilver, it will be founf 

fch more than when filled witli water ; 

pDie liquids are heavier than others. 



. Liquids -xken acttd mfam iy Cf m w Sfffmw^. m^ 
xrd, hut alto tipv!9rd *md m 'iewmja . — Fix 

J tube into tli« lop of ji woadn aA. ^ri yv ■ 

Kick iiUo the top. and vx^mr ian Ac m^ ^ tm 

Fill the cask and the tiil« »A •kmx^ «■< ayes 

e stop-cocks, ainJ the water wiQ be Airca «M ^ ^^■ 

3 shows that tbc water in Hk emit | 

1 sideways as well a* d 

t pressure which Bqmdi « 
tral pressure. 

, 7»tf VfivarJy J>aanr»imr 
\gs are equal for the tmrnm Dtfti ^ I 
;ure z6, we ha^-e a gUis Te«d, 
) tiie top of which »v umb 
ree glass tultes of exact] t- tlx ■ 
!, with their inoutfas at tac « 
ace from the boaofa. Oac ^f * 
t tubea opviLs « 

, aud one udewa^ If «« 
! vessel with wslcr, 
mel, the liquid hm 
: height in all thrc* g 
; which causes it 
mward, the bti 

i tube opening lidewaj*, mA fir < 
e which causes it Id rve ■ fc «Ae i^ 
etbe tubes are aO of&KiavrM 
s to the same beigfx M eadu 4kk i 
y equal. 
, 7S« Ufrjfari, / Juai w u^ a^ ftft^ /'-«' I 
t of a JJ^t'd imcn^ie -KHi U^ t^ft^ ^•w.^ * 
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wilh the depth of Ihe liquid, wnce the lower layers o 
molecules are tliemselves acted upon by gravity, and bar 
also to sustain the pressure of the water above them. 
That the pressure is independent of the size and eI 
of the vessel is seen when vessels of different sizes Mi 
shapes are connected (Figure 27), and a liquid is pourei 
into one of them. It rises to the same height in a 




58. Wien a dosed Vessel is Jilled with a j 
and any additional Pressure is brought to bear v. 
Particle of this Liquid, every Particle is made to e*^ 
the same additional F^essure, upward, downivard^ 
sideways. — Suppose the four tubes in Figure z6 aiei 
of exactly the same size, and tliat the vessel is fiiU I 
water. Pour water into the left-hand tube until it rii( 
to the line c d. The water rises in all tlie tubes to P 
same height. The water poured into the 6rst tube brin 
an additional pressure to bear upon the particles of w 
at its mouth, and it is the additional pressure which fl 
particles at the end of the other tubes are made ti 
that causes the water to rise in them. Since they are i 
of the same size, there must be the same number of pafl 
cies at the end of each ; therefore, the particles at t 
end of the three tubes are made to exert tlie Si^^M 
ditional pressure upward, downward, and sidewV^yJ 
that brought to bear upon the particles at the i 
the left-hand tube. 

59. The Hydrostatic Press. — It follows, 
has just been shown, that by means of a liquid : 

pressure upon a small surface maj be made t 
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pressure upon a large surface. In Figure 2S, ive 
Wo cylinders, witli a plunger, or piston, in each. 




se that the surface of the larger piston, /*, is thirty 
that of the smaller, f; if the latter is pressed 
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spring's and Artesian Wells. — All natural col 
IS of water illustrate tlie tendency of a liquid to 
B level. Thus, the Great Lakes of North America 
)e regarded as a number of vessels connected to- 
ri and hence the waters tend to maintain the same 
in all. The same is true of the source of 
tie sea, the bed of the river connecting the two Ijki 



'ings illustrate the same lact. The earth 
of layers, or strata, of two kinds ; those througl 
water can pass, as sand and gravel, and those' 
[h which it cannot pass, as clay. The rain which 
n high ground sinks through the soil until it reaches 
r of this latter kind, and along this it runs until it 
some opening through which it flows as a spring. 

le same with Artesian wells. These wells de- 
Bieir name from the Province of Artois in France, 
■st part of Europe where they became common, 
seem, however, that wells of the same kind wi 
in China and Egypt many centuries earher, 
'igure 31, suppose A B and CD to be two strata 
mAK KXo be a stratum of eand or gravel between 



me^^ 







n falling on the hills on either side wi 
lUgh this sand or gravel, and collect i 
V between the two strata of clay, which prevent I 
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its escnpe. If now a hole be bored down to Jtir,'^ 
wiitcr, striving to regain its level, will rise to the si 
at J/, or spout out to a considerable height above iL 
Au Artesian well tn Paris hats a depth of 54S e 
or about t,8oo feel, and the water flows out at th 
of 656 gallons a minute, or nearly a million gEUIoiu « 
day. One in this country, at St. Louis, is 2,199 ^ 
deep, and affords 75 gallons a minute. 

61. A Sody is buoyed up -when placed in 
— If a stone be weighed under water, it will eeetn to b 
lighter tiian when weighed in the air. 

We have already seen that, at the same depdi in 4^ 
liquid the upward and doivnward pressures : 
but that these pressures increase with the depth. Tinfl 
bottom of the stone in the above esperiment being deeptfl 
in tlie water than tlie top, the upward pressure of tl 
Fig. 31. water ag.iinst the bottom of the s 

> greater than the downward presauiea 
upon the top of the etone. The stone | 
is accordingly lifted up a little when 
plunged under water, and, being flua. J 
buoj-ed up, seems to be lighter 
in the air. 

63. A Body is buoyed up in fVateP 
by a Force Jusi equal to the Wei^ 
of the Water which it displaces. — fil'l 
Figure 3a, ^ is a cup into which thiti] 
cylinder B exacdy fits. This c 
will hold just as much watea»,rtt.4( 
displaces wrhen under water, J 'J 
this cup and cylinder to die hydT^^ 
I balance, and balance it w 
I Immerse the cylinder B in 
' water, and we find that it ii 
balanced by the weights. 



mp A with water from the veaiicl, and 



, cylinder i 



I to be agiun jtut bat- 



; weights. This allows that a body when 
led in water is buoyed up by a Ibtx^ juvt eqoa] 
JH'eigbt of the water which it dinplace*. 
burse, if a solid weighs exactly oh much as dte 
it displaces wht-u fiilly tnunemcd, it will neither 
t sink in the water. If it wcij^h* more thnn the 
it displaces, it will sink; if tcs% it will rise. 
a body flouts upon the water, it diupbees exactly 
[ weight of water. It is well knrjwn that a lump 
^will sink, but the same lump of iron may be 
Ired out into a vessel which will displace its own 
I of water witliout being wholly immersed. 
de way, ehips may be made of itihi which wiU 
)oti water as well as sliips mado of wood. 

SPECIFIC GRAVITY. 

r vary in Density. — The same buBci 
f solids and liquids are found to be vety AifCet- 
weight. A substance which -aieigki more, huik 
Ik, than another substance is said to be more 
or to have a greater density. It is often ^ekirable 
\r the relative weights of the same bulks of bodies 
Inuy in density. In such cases, !t i* convenieot 
pare the weight of each substance with die weight 
b given Biibstance : and ■water is taken for this 
8, TAe v^eighl of a given suistance compared 
\e -weight of the same bulk of -water is called iti 
f gravity. 

pecific Gravity of Solids. — To Rnd the speci6c 
\oi a solid or liquid, we inurt la|||BJlic weight of 

Btance and that of the same ' 

'tat of the 
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solid can be found by weighing the solid in 
subtracting its weight in water from its wd 
The difference of these weights is (62) just t 
weight of the water it displaces ; and this ia 
a bulk of water just equal to its own bulk. 

Hence we have the rule: divide the vte^ 
body by its loss of •weight in watery and ti 
■will he its speci^c gravity. 

If the body wilt not sink in water, fosten it 
of iron or other substance which will make 
find the weight lost by the two in water. Tii 
between what both lose and what the iron we 
loses %vill, of course, be what the lighter body 

65. Speci^fic Gravity of Liquids. — The sf 
i^ of liquids is most conveniendy found by n 
instrument, shown in F^ure 33, called a A 




It consists of a hollow glass cylinder, with 
scale-pan above, and a small bulb filled wi 
below, by which it is made to float upright 
The instrument is placed in water, and ' 
added until it sinks to a point marked upo 
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reight of the hydrometer, together with the weighn 
■ pan, is equal to the weight of the water displac 
If now the instrument be placed in a liquid of d'll- % 
density, as alcohol, and made to sink by weight»J 
mark on the stem, the weight of an equal bulk ofl 
iqnid can be found. Of course, i/ie specific ^ 
f the liquid will be the ■weight of the liquid 
id by the weight of the water. 

common form of hydrometer is shown in I 
I* It consists of a glass tube and bulb loaded v 
liy at the bottom. This, when put into a liquid in 
it will float, always displaces just its own weight 
It is first put into pure water, and the point to 
it sinks is marked upon the stem. If it be now 
to a liquid of less density, it will sink deeper ; if I 
le of greater density, it will not sink so deep. 
of the scale on tlie stem, the specific gravity of the J 
into which it is put is indicated. 
)ther way to find the specific gravity of a liquid i 
llowing : Fill a small bottle with water, and then i 
flje liquid, and find the ^veight of each ; then di- 
le weight of the liquid by the weight of the water, 

quotient ■will be the specific gravity required. 
peeific gravity bottle '\^ a. bottle which is made to jj 
definite ■weight of water, as i,ooo grains. If it J 
790 grains of alcohol, the specific gravity of the f 
1 is .79; if it holds 1,860 grains of sulphuric acid, f 
lecific gravity of the acid is 1.86; and so 
lin, since the ■weight whicli a body loses when im- 1 
i in a liquid is equal to the weight of its own bulk I 
liquid (33), we can find the specific gravity of ■ 
id by dividing the weight which a body loses^ 
\t liquid by the weight which it loses in water. 
if a piece of copper loses soo grains when weighed 
58 grains when weighed in alcohol, the 
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specific gravity of the alcohol is equal to 158 cUvided bf 
200, or .79. 



SUMMARY. 

Liquids have weight, and press upward, do wn wariy 
and sideways. (54, 55.) 

The upward, downward, and lateral pressures an 
always equal for the same depth of the liquid. (56.) 

These pressures increase with the depth of the liquid, j 
but are not altered by the size or shape of the vessel 

(57) 

When any pressure is brought to bear upon one parti- 
cle of a liquid, every particle is made to press with the 
same force upward, downward, and sideways. (58.) 

On this account, when a small force acts upon a few 
particles of a liquid, an enormous force may be brought 
to bear on a larg^ surface in contact with the same 1k]* 
uid. This is illustrated by the hydrostatic press* (59-) 

Springs and Artesian wells illustrate the tendency of 
water to seek a level in connected vessels. (60.) 

A body is buoyed up in water by a force equal to Aa 
weight of the water which it displaces. (61, 62.) 

The specific gravity of a solid or liquid is the weig^it 
of the solid or liquid compared with the weight of to 
same bulk of water. (63.) 

To find the specific gravity of a solid, divide its wd^ 
by its loss of weight in water. (64.) 

The hydrometer is an instrument for finding the flpo* 
cific gfravity of liquids. (65.) 

a 

^^•The Problems on the pressure and weight of liqiddii 
given in the Appendix, are intended to be used at this point. 



THE PRESSURE OF GASES. 

Gases have Weight. — Weigh very carefiiUy ai 
lopper globe when filled with air; then weigh H; 

after exhausting the air from it, and it will b« 

to weigh less than before. This shows that air 
eight, and the same is true of all other gases. 

Gases, like Liquids^ press upward, downward, 
Hdeways. — Figure 35 represents two brass hemi- 

Fig. 36- 





some four inches in diameter, the edges (rf 
■e made to fit tightly together. While the 
^heres contain air, tliey can be separated with 
since the outward pressure is just balanced by the 
d pressure ; but when tlie air within is pumped 
It is very hard to pull tliem apart. Since it is 
ly difScult to do this, in whatever position the 
ipheres are held, the experiment sliowa that ike 
Presses in ail directions. 
Is piece of apparatus is called the Mag^Oeburg 



I 
I 
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t Guericke, of MagdeU 



hemispheres, from Otto v 
by whom it was invented. 

If a small bell-jar, open at both ends, be 
the palm of the band, and the air be then \ 
from it, the hand will be held down with considc 
force by the pressure of the air upon it. 

If a wet bladder be tied over the same bell-ji 
dried, and the air be exhausted as before, the bla( 
■will burst with a loud noise, J 

These two experiments illustrale the downward e 
sure of the air. 1 

In Figure 37, ^ is a strong ^.^ ^^ ; 

glass cylinder, open at both 
ends; B a piston, working air- 
tight within it; and C a brass 
plate, covering it closely, and 
having a hole in tlie centre to 
which a hose may be screwed 
for connecting it with the air- 
pump. When tlie air is ex- 
hausted from the cylinder, tlic 
piston rises, even if a heavy 
weight be fastened to it. 

This experiment aflbrda a 
very striking illustration of the 
upward pressure of the i 

Fig, jB, 68. Gases have an Mxpan 

Force. — If an India-rubber bag,l 
tially filled with air, be closed) 
tight and placed under the recfl 
of the air-pump, the bag fills oil 
shown in Figure 38, when the' 
is exhausted from the receiver. ' 
gases thus tend to expand. 
69. The Air-Pump.—^ 





— ^^ 
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meat for removing the air from a vessel is called an 
air-pump. One form of it is shown in Figure 39. It 
consists of a cylinder, in which a piston moves air-tight. 
In this piston Is a valve opening upward. At the top of 
the cylinder is another valve also opening upward. The 
bottom of the cylinder is connected with the pump-plate 
liy a tube. On this plate is placed the vessel, or re- 
jgper, from which the air is to be exhausted. As the , 




piston is forced down, the expansive force of the air 
below pushes open the valve in the piston to get into 
ttie space left behind it. When the piston is drawn 
up again, the expansive force of the air above closes this 
valve and opens the valve at the top of the cylinder, so 
that this air escapes. The expansive force of tiie air in 
the tube and receiver causes it to fill tlie space behind 
^ piston. When the piston is again pushed down, the 
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downward pressure of the air outside closes the vilve 
at the top of the cylinder, ^hile the expansive fane 
of the air below opens the valve in the piston, gnd 
some of the air passes through it. On drawing up the 
piston again, this air is removed as before. By contin* 
ing tliis process, the air is nearly all witiidrawn from tbe 
receiver. It cannot be wholly w^ithdrawn, because as it 
becomes more and more exhausted, the expansive force 
becomes less and less, until at last it is not sufficient to 
open the valve in the piston. 

70, A Body is buoyed up in the Air. — If a hoUoff 
sphere be balanced in the air by a piece of lead, and 
then the whole apparatus be put under the receiver of 
an air-pump and the air exhausted, the lead will no 
longer balance the sphere. This shows that a body i< 
buoyed up in the air as well as in a liquid (61). Bodies 
seem to be lighter in the air than in a vacuum (that is, 
a space from -which the air has been exhausted, i* 
the same reason that a body seems lighter in water diU 
in the air. The upward pressure of the air upon the 
bottom of the body is somewhat greater than the down- 
ward pressure upon the top of the body. A body in flie 
air, then, is buoyed up by a force just equal to th 
toeight of the air -which it displaces. If .a body weighs 
more than the air it displaces, it sinks through (he air; 
if it weighs less than the air it displaces, it rises in Ae 

71. Balloons. — Balloons rise in 
the air because they are filed -with 
some substance -which makes them 
lighter than the air -which they 
displace. 

If a glass bulb and tube filled 
with air be arranged, as in Figure 
40, wiWi the end of Jhe *ube under 
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and the bulb be lieated by means of a lamp, 
in it expands, and a part of it is driven out i 
ES through the water. This shows that air e» 
tuhen heated. 

:r balloons are sometimes made ■which are t 

' fastening a light just under an opening' in 

of the balloon. The light heats the air insi 

it to expand, and a part to pass out. Tl 

[der is then lighter tlian the air displaced by ti 

I, which consequently lises. Large balloons a 

of strong silk, and filled ■with some very light gc 

as coal-gas. This makes the balloon so mm 

than the air it displaces, that it will rise, cnrry-d 

Fig, -I. ing a car with two or three ■ 1 



pers 




73. The Pressure of the 
Atmosphere will sustain a ' 
Column 0/ Liquid in an in- 
verted Vessel. — Fill a glass 
jar with VFater and invert it 
in a dish of water, keeping 
the mouth of the jar all the 
time under water; and the 
liquid will not flow out of 
the Jar when it is raised. 
Now place the dish and jar 
under tlie receiver of an air- 
pump, and exhaust the air ; 
and the water will flow out 
from the jar. This showaJ 
that it is the preasi 
the atmosphere on tl 
fece of the water in the dia] 
which keeps the water i 
flie Inverted jar. 
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73. The Atmospheric Pressure will sustain a Cm 
umn of Mercury about 30 Inches High. — If a glas 
tube closed at one end and about 34 inches loi^ be lilledt 
with mercury, and inverted in a cup of mercury, 
shown in Figure 41, a part of the mercury will run ou 
leaving a column about 30 inches high in the tidw. 

74. The Atmospheric Pressure is equal to about 
Pounds to the Square Inch. — If the tube in the ab< 
experiment be one inch square, it follows, from the -9 
in which liquids press, that the downward pressure^ 
the bottom of the tube will be just equal to the dtfd 
ward pressure of the atmosphere on each square ir 
of the surface of the mercury in the vessel. 

If now we weigh the mercury in the tube, we R 
find that there are about 15 pounds of it. This colu) 
of mercury then exerts a pressure of 15 pounds at I 
bottom of the tube. The air then presses with a \ 
of 15 pounds upon every square inch of surface. Wft 
not perceive this great pressure, because the air 
equally in every direction. 

75. The Atmospheric Pressure varies Jrom D»y 
Day. — If a glass tube be tilled with mercury, and 
inverted in a cup of mercury and left standing, an 
height of the mercury column noted from day to 
will be found to vary considerably, being sometime^ 
much as two inches higher than at other times. l^U. 
nation must be due to changes in the pressure of file) 

76. The higher the Place, the less the Atmospii 
Pressure. — If the tube just described be carried (0*' 
top of a mountain, tlie mercury will fall conBidetBl 
This shows that the atmospheric pressure becomes 1 
the higher -we go above the surface of the earth. 

The atmosphere is a great ocean of air which » 
rounds tlie earth, and at the bottom of which we 
the fishes live at the bottom of the sea. The changes^ 
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s heigbt of the mercury just described show that the 
teesiire increases with the deptli.* 

[ 77- The Barometer. — An instrument for measuring 
■ of the atmosphere is called a barometer. 
One form of it is shown in Figure 42. It 
consists of a cup and hibe filled with mer- 
' cuty, as in the experiment illustrated by 
Figure 41. These are fastened lo a wood- 
en frame. At the upper part of the tube, 
there is a scale with a sliding index, for 
measuring t!ie height of the mercury. H 
is a thermometer. 

The mercury is often put into a leather 
bag instead of an open cup as here, since it 
IS less likely to be spilled. As the leather 
is flexible, the pressure of the air is brought 
to bear upon the mercury through the bag. 

78. Uses of the Barometer. — "When we 
have found at what rate the atmospheric 
pressure diminishes its we go up, we can 
readily find the height of mountains by 
means of the barometer. The difference 
between the readings of the barometer at 
the level of the sea and at the top of the 
moimtain, will show how much the pressure 
has diminished, and from this we can find 
the height of the mountain. 

The barometer is also of considerable use 
in indicating the approach of storms, espe- 
cially of violent winds. It has been ob- 
served that sucji storms are very likely to 
I occur Immediately after a sudden diminu- 
I tion of atmospheric pressure, which is shown 
I the Appendix, the chapter on TUe Fkysics of tie 



by a rapid fall of the mercury. On the other hand, a 
gradual rise of the mercury usually indicates the a^ 
proach of fair weather. 

The mere height of the mercury tells us little about 
the weather, but a careful study of its movements en- 
ables U8 to judge pretty accurately what changes are 
likely to occur in the weather. 

yp. y?Mw/i. — As water is somewhat more than Air- 
teen times lighter tliun mercury, the pressure of the 
atmosphere will sustain a column of this liquid about 
thirteen times thirty inches in height, or considerably 
more than thirty feet. If the tube is open at the top, 
it is necessary to remove the air from it, before the 
water will rise into it. An instrument for raising water 
in this way is called a pump. 

The common tifiing-pump is shown in Figure 43. 
It is really an air-pump. When the piston P is ibrced 
down, the air below it, by its expansive force, opens the 
valve O, through which it escapes. When the pistoa 
is drawn up again, the valve O is kept shut by the 
pressure of the air above, and the air in A expands, 
pushes open the valve S, and rushes into the vacuum 
above. The air being thus partly removed from j4, the 
pressure of the air upon the water in tlie well out^de \ 
is greater than that inside the pipe, and consequently 
forces the water up tiio pipe and through the open'^ 
valve .S. When the piston is pushed down again, lbs 
pressure of the ■water in the cylinder shuts the valve S^ 
and opens the valve O. The water thus gets above tiiO 
piston, which, on going up again, lifts it so that it flows 
out at the spout, as shown in the figure. 

Figure 44 represents the force-pump. In this pump, 
the piston P is solid. When it is drawn up, the watei 
below, by its upward pressure, opens the valve S, an^ 
fills the cylinder. When the piston is pushed down, th( 
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Bralvo S being shut by its own weight and the pressure 
tof the water upon it, the water is forced up through the 





a!ve O into the pipe J?. When the piston goes up 
IgaiD, the valve O is closed by its own weight and that 

f the water above, the valve iS opens, and the cylinder 
■■filled as before. 

['In Figure 45, we have these two pumps combined, 

Jhe air is pumped out through the valves .S" and O, 

hd the water is forced up Into the cylinder through 

; pipe A and the valve S. Just as it was in the liiting- 

and the water is then forced through the valve 

7 and the pipe Z>, as in the force-pump, just described. 
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In both tiiese forms of force-pump, the water is d 
out of the pipe D only ■when the piston is going dov 
It may be made to flow out in a steady stream by addinj 
an air-chamber above the valve O, as shown in J 
46. As the water is forced Into tliis chamber, it caia 
Fig. 4!. Fis- 1>. 





presses the air, which, by its expansive force, exerts 
continuous pressure on the water, and drives it in 
steady stream up the pipe. 

In Xhs Jire-engine, two force-pumps are usually col 
nected with one air-chamber. The pumps are so arrangl 
that the piston of one is going down while that of tl 
other is going up, thus forcing water into the air-chamb* 
all the time. 

80. The Siphon. — Bend a tube into the form of the 
fer U, making one arm somewhat longer than the othec 
fill it with water, and close both ends with the fingers 
then invert it, and place the short end under the surfaO 
of water in a vessel. If now both ends be opened, 
water will flow out of the vessel through the tube, 
bent tube used in this way is called a siphon. 

To explain the action of a siphon, let us suppose ■ 



!, and the short e 




placed in the water. The 
pressure tlien acting on C 
(Figure 47), and tending 
to raise the water in the 
tuhe, is the atmospheric 
pressure less the weight of 
the column of water C L>. 
In like manner, die pres- 
sure on the end of the tube 
£ is the atmospheric pres- 
sure less die pressure of 
the column of water A JB. 
But as thia latter column 
is longer than C D, the 
force acting at £ is less 
than the farce acting at C, and consequently the water 
will be driven through the tube by a force equal to the 
difference of these tiuo forces. The flow ^vill therefore 
be the faster, as the difference of level between C and S 
is greater. 

Tantalums Cup. — This is a glass cup, with a 
bphon tube passing through the bottom, as shown in 
■ Figure 4S. If water be poured Fig. *». 

I into the cup, it will rise both in- 
Bide and outside the siphon until 
it has reached the top of the tube, 
■when it will begin to flow out. 
hlf die water runs into the cup 
Jess rapidly than the eiphon car- 
inas it out, it will sink in the cup 
until the shorter arm no longer 
dips into the liquid and the flow 
from the Mphon ceases. The cup will then fill 
before ; and so on. 

In many places there are springs which flow at inter- 







MECHANICS. 

vals, like the siphon in this experiment, and whose action i 
may he esplained in the same way. A cavity undef J 
ground may lie gradually filled witli water by springs, j 
and then emptied tlirough an opening which forms * i 
natural siphon. In some cases of this kind the flow ^ 
stops and begins again several times in an hour. 

Sa. The Air- Gun and the Condenser. — The er^aw- '. 
sive force of gases increases when they are compressed. 
This is illustrated by the air-gun, which consists of e 
tube, connected by a stop-cock with a small air-tight d 
vessel of very groat strength. If a large amount of aifl 
be forced into tJiis vessel, and the stop-cock be then 
opened, the expansive force of the gas will drive a 
let from the tube, as if it were fired from a musket. 

The firing of a musket is, in fact, another illustration 
of the very same kind. When the gunpowder is set on _ 
fire, it forms an immense amount of gas, which, bein; 
confined in a small space, has a great expansive Ibrci 
and therefore exerts a great pressure upon the bullet. 

An instrument used for compressing air is called 
condenser. It consists of a strong cylinder, with a pis' 
ton and valves, arranged precisely as in the force-pump 
in Figure 44, It works, too, in the same way as the 
force-pump; the air rushing in through the valve 
when the piston is raised, and being driven out through 
the valve O wlien the piston is pushed down. The 
sel into which the air is to be forced is screwed to £>. 

83. Mariotte's I.aiv. — The bulk of a gas becomes 
less just in proportion as the pressure upon it becomes 
greater; or, in other words, the volume of a gas is 
versely as t/ie pressure -wkick it bears. 

The elasticity of a gas becomes greater just in propoi 
tion as its bulk becomes less, or as the pressure upon 
becomes greater; or, in other words, the elasticity of 
^as is inversely as its volume, and directly as the pi 
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sure which it bears. These facts concerning gases are 
known as Mariotte^s law^ from their discoverer. 

84. The Spirit Level. — The spirit level (Figure 49) 
consists of a closed glass tube, A B^ very slightly curved 
on the upper side. It is filled with spirit, with the ex- 
Fig. 49. 
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ception of a bubble of air which tends to rise to the 
highest part of the tube. It is set in a case CD; and 
when it is placed on a perfectly level surface, the bubble 
is exactly in the middle of the tube, as in the figure. 



SUMMARY. 



Gases have weight, and, like liquids, press upward, 
downward, and sideways. {^^^ 67.) 

Gases are acted upon by an expansive force, which is 
increased by heat and by pressure. {^^^^ 71, 82.) 

Bodies are buoyed up in air by a force equal to the 
weight of the air which they displace. (70.) 

The atmospheric pressure balances a column of mer- 
cury about thirty inches high, and is equal to about 
fifteen pounds to the square inch. (73, 74.) 

This pressure varies from day to day, and becomes 
less as the height of the place increases. (75, 76.) 

The barometer is an instrument for measuring the at- 
mospheric pressure. (77, 78.) 

The action of pumps^ and of the siphon^ is to be ex- 
plained by the pressure of the atmosphere. (79, 80.) 

The bulk^ or volume^ of a gas is in the inverse 
ratio of the pressure which it bears. The elasticity 
of a gas is in the inverse ratio of its volume^ or the 
direct ratio of the pressure it bears. C^sO 
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FIRST LAW OF MOTION. 



85. Inertia. — Wc know that a Etone, or other bodji 
when at rest, will not begin to move of itself, but oiilj 
on tbe application of some force ; and that, when any 
body, as a ball, is in motion, it requires some force to 
stop it. 

The inability of a body, whether at rest or in «fr 
Hon, to change its state, is often called inertia. 

S6. A moving Body, ivken left to itself, -will always 
move in a straight Line and at the same Hate, — 
Mathematicians, from the study of certain motions, have 
come to the conclusion that a moving body, when, lelt 
to itself, will always move in a straight line and at th^ 
same rate. This is the frst la-w of motion. 

87. Aft unbalanced Force must act upon a Sody in 
order to -put it in Afotion, or to change the Direction 
or the Rate of its Afotion. — A ball, held in the han^t 
remains at rest, because the downward pull of gravity 
upon the ball is just balanced by the resistance offei 
by the hand. If the hand is removed so that the foi 
of gravity is unbalanced, then the hall begins to move.- 
If we push with the hands against the opposite sides 
of a book, the book will remain at rest as long as the 
push of one hand is just balanced by that of the other. 
Take away one hand, so that there shall be nothing to 
balance the push of the other, and the book begins 
move. So, in every case, « body begins io 
■when an unbalanced force acts upon it. 

And when a body is once In motion, it changes tl. 
direction and rate of its motion only vihen an 
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tlaneed force is acting upon it. When a body is 
£ in motion, it is just as natural for it to move oa 
a straight line, with uniform speed, as it is for it to 
imain at rest when once it is at rest 
88. The Effect of a Force acting for a Moment only. 
•When a body is acted upon by a force only for an 
itant, as when a ball ia struck with a bat, or a bullet 
fired from a gun, // has its greatest speed at frst, 
i its motion is gradually ■wasted by the resistance 
meets in passing through the air or over the earth. 
The Effect of a Force acting continuously. — 
a. a body is acted upon continuously by a force, as 
the case of a railway train, or a steamboat, the mo- 
, sl<ya> at first ^ gradually increases till it reaches 
Certain point, -when the speed remains unchanged 
long as the moving force is unchanged. When the 
' force is increased, the speed increases ; and, 
icn it is diminished, the speed diminishes. 

The Resistance a moving Body meets increases 
the Square of its Velocity. — The steamboat, in 
iving, has to push aside a certain amount of water 
a second, and this is the chief resistance it meets. 
1 the speed of the boat increases, more water 
ist be pushed aside in a second, and each particle of 
■ must be moved aside more quickly. Hence, the 
ler it moves, the greater the resistance. Suppose 
I speed of tlie boat to be doubled, twice as many par- 
ies of water must be pushed aside in a second, and 
, particle must be pushed aside in half the time. 
Ince, the resistance becomes fourfold when the velocity 
loubled. Tlje resistance, then, increases as the square 
dhe velocity. 

A moving Body may be in Equilibrium. — A 
jty nt rest is in equilibrium, because the forces aclmg 
1 it are balanced. When a train of cars is starting, 
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the force of the steam is not wholly balanced b}- the re- 
siEtance; hence it imparts motion to the train. But as 
the speed of the train increases, the resistance also in- 
creases, until it finally equals the force of the steam. 
All the force of the steam is now used in balancii^ flie 
resistance, and the speed no longer changes. Since die 
two forces acting upon the moving body balance each 
otlier, it must be in equilibriiini. Every body moving 
in a straight line, and -with uniform speed, is « 
equilibrium. 

SECOND LAW OF MOTION. 

92. A Force has the same Effect in producing Mo- 
Hon, whether it acts upon a Body at Rest or in Motion, 
and whether it acts alone or -with other Forces. — 
When a ball is thrown horizontally, two forces act 
upon it, one to throw it forward in a straight line, 
and the other to draw it to the earth in a straight line;' 
and it is found that it is drawn just as for iowardi — 
the earth in a given time as a ball (hat is let foW* 
from a state of rest. The same is true, in whatevea' J 
direction the ball may be thrown. 

For example, if the force used would send the bait:, 
forward 30 feet in a second, and if gravity will pull it' 
from a state of rest r6 feet towards the earth in 
same time, the ball at the end of the second will be ji 
16 feet below the point it tvould have reached ha< 
not the force of gravity acted upon it. So, wer 
ball thrown directly upward with a velocity of 100 
a second, at the end of the second it would be only 
feet high ; that is, 16 feet below Ike point it would hai 
reached had not tlie force of gravity acted upon it. If 
it were thrown directly dovraward from the top of a high ( 
tower with the same velocity, it would be at the end of'' 
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116 feet below the top of the tower ; that is, 16 
w the point it tvotdd have reached had not 
icted upon it. Now 16 feet is just the distance 
case that gravity would have fulled the ball in 
I from a state of rest. 
., if the current in a stream is strong enough to 

boat down stream one mile in an hour, and 
rson attempts to row the boat directly across 
am at a rate which would take him across in 
•, at the end of the hour the boat will be at 
Dsite bank just a mile down stream. 

Body thrown horizontally or ^* ^ 

y^ when acted upon by Grav- 
:ribes a curved Path. — ^When 
^ forces acting upon the body 
'tantaneous^ it moves in a 
' line; when one is instan- 
, and the other continuous^ as 
ise of gravity acting on a ball 
horizontally or obliquely, the 
curved. Hence a cannon- 
cribes a curved path ; if fired 
tant object, it must be aimed 



[// Bodies would fall at the 
tte^ were it not for the Resist" 
the Air. — As we see bodies, 
A heavy, falling through the 
come to think that the force 
ty causes heavy bodies to fall 
pidly than light ones ; but if we 
coin and a feather in a long 
be and exhaust the air com- 
(Figure 50), the two bodies 
through the tube in the same time 




It must, 



then, be the resistance of the air which causes a li( 
body to fall more slowly through the atmosphere than i 
heavy one does. 

When the force of gravity ia unimpeded in its actioili 
// w/V/ cause every body, -whatever may be its sizt> 
shape, or dettsity., to fall -with exactly the same speed- 

95. W7te» a Body is moving directly derwrnvafit 
Gravity increases its Velocity at the Rate of 32 FtA 
a Second. — A body falls i6 feet the first second, and 
acquires a velocity of 3a feet during the time. As grav- 
ity has the same effect upon a moving' body as upon 0[K 
at rest, a falling body will gain in velocity 32 feet eact 
second. When therefore a body is moving directly down* 
ward, gravity increases its velocity at the rate of ja ferfi 
a second. 

96. Ho-uj tojind the Distance a Body falls in a givt$ 
Time. — The distance a body falls die first second, or l4 
feet, is exactly the mean bet-ween o, its velocity at starr- 
ing, and 3a, its velocity at the end of the second, Ai 
it would gain a velocity of 3a feet during the next secondi 
it would have a velocity of 64 feet at the end of that 
second. The velocity it has already acquired would cause 
it to fall 32 feet the second second, and the force of gravity 
acting upon it during that time would cause it to fall 16 
feet more ; hence it would fall 4S feet during the second 
second, It will be noticed that 48 is just the mean of 
3a, its velocity at the beginning of the second, and 64, its 
velocity at tlie end of the second. 

During tiie first two seconds, the body would fall 48 -Jr 
16 ^ 64 feet. This is just twice the mean of o and 64- 
Hence, to find the distance that any body -would faU ^ 
•when acted upon by gravity alone during- any numbef ■■ 
of seconds, fnd its mean velocity during the time, and * 
multiply it by the number of seconds. 

To find the velocity of a falling body at the end of '■ 
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flwy second^ multiply 32 jfeet by the number of seconds 
it has been jfalling. 

97. WTien a Body is moving directly upward^ Grav^ 
ity retards its Velocity at the Rate ^32 I^eet a Second, 
—We know that gravity has the same effect on a body 
in motion as on one at rest (92). Since, then, it causes 
a body in falling from a state of rest to acquire a velocity 
of 32 feet a second^ it must, in the case of a body mov- 
ing directly upward, diminish its velocity at the rate 
of 32 feet a second. And it must also cause it to rise 
^ach second 16 feet less than if it were not acting- 
upon it. 

98. How to find the Distance a Body^ when thrown 
upward^ will rise in a given Time. — To find this dis- 
tance, take the mean velocity of the body during the 
ttme^ and multiply it by the number of seconds. To 
find the velocity at any particular second^ multiply the 
number of seconds the body has been rising by 32, 
and subtract this from the velocity the body has at 
Parting. 

THIRD LAW OF MOTION. 

99. Momentum. — The product of the velocity of a 
body multiplied by its mass is called its momentuTn. 
By the mass of a body, we mean its quantity of mat" 
ter. The same force acting upon bodies containing 
different quantities of matter does not give each the 
same velocity ; but it does give each the same momen- 
tum^ or quantity of motion ; that is, if the quantity of 
matter in each be multiplied by its velocity^ the prod* 
ucts will all be equal. 

100. A moving 'Body cannot impart Motion to 
another Body without itself losing the same ^uan- 
iUy of Motion.— This third law of motion results from 

5 
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! fact that a moving body is unable of hsetf either to 

:o lessen its quantity of motion. On n 
anotlier body, it may impart some of its own motion to 
it ; but it cannot give motion to this body, and at At 
same time retain all its own motion. 

This is often called the law of action and reaetioH, 
and stated thus : action and reaction are always ej'i<ii 
and in opposite directions. When any force acts in op- 
posite directions, it is usually said to act in one direction, 
and read in the opposite. Thus in firing- u cannoBt 
the expansive force of the gases set free by the burraog 
powder acts equally in all directions. It acta upon tl 
sides with equal and opposite forces ^vhich neutralize 
each other unless the cannon bursts. It also acts toward 
the muzzle and breech with equal forces, which produce 
equal effects, one upon the ball and the other on the CMr 
non, causing the recoil. The bail and the cannon both' 
have the same momentum ; but the ball, since it has 4 
much less mass, gets a much greater velocity. This 
expansive force is said to act upon the ball and to r 
upon the £-u7i. So, too, in walking, wc are said to' 
react upon the earth. The truth is, that the bent hg^ 
acts like a bent spring between our bodies and the 
earth ; and when the spring straightens, it pushes us ] 
avfay from the eartli and the earth awTiy from us ; the I 
earth being moved as much less than our bodies as iHj 
mass is greater. 

loi. ft requires Time to impart Motion to a So^** 
as a Whole. — The forces vv'liich impart motion to ■ * 
body often act directly upon onlj' a few of its particlcii;- j 
When a ball is struck by a bat, only a small part of 8 
receives the blow^, and when a bullet is shot from i 
the gases (46) act only upon one-half of it. In 
cases, it is clear that the motion must be transmtttiA 
yrom particle to particle; and this transmission . 




Wion from -particle to particle requires time, 

pugh this time may be exceedingly short. K th^ 
e acts so suddenly tliat there iti not time enough for 
[ transmission, the part acted upon is flattened or 
pped oET. Thus a musket-ball may be 6red thrc 
irindow-pane, making a dear round hole withal 
Eckitig the glass. If the bnll hud been thrown I 
B hand, the whole pane would have been shattered 
n the first case, the speed of the ball was so great that 
the particles in front of it had not time to transmit 
r motion to those about them ; hence they moved 
fc alone, leaving the others at rest. If tlie pane had 
1 suspended by a fine thread, the ball would have 
Used through it in the same way, without breaking 
i thread, or causing tlie pane to swing in the least. 
\,& door half open may be pierced by a cannon-ball 
fcout being shut. The end of a musket in a soldier's 
' hand has been known to be carried away by a cannon- 
ball without his being aware of it. A tallow^ candle 
V be fired through a board, since it gets through it 
we the parts of the tallow have time to yield. In 
ft way, a sofl missile may hit as hard as lead, if fired 
It sufficient speed. 

see, then, that when a moving body meets with 
•X it seldom expends all its power in imparting 
1 to that body as a whole, but also pierces it more 
I'less. The power of a body to pierce another in- 
t as the square root of its velocity; tliat is, if a 
By is to pierce anotlier twice as far, it must have four 
) the velocity ; if three times as far, nine times the 
laiXy ; and so on. 

, Reflected Motion. — When an elastic ball is 

, against the floor, it rebounds. If it is tliroMm 

^y downward, it retraces its path in its rebound. 

t is thrown obliquely, it rebounds obliq^uely i 



68 IfBCHANICS. 

opposite dim^tion. In Figure 51 9 if the ball is tunyvm 
Fig. 5z. in the direction af^ it will rebound 

in the direction^ 3. If the line tj 
be drawn at right angles to the sini- 
face, the angle formed by .the two 
_^ lines ay and e fv& called the an^ 
^ of incidence^ and is alwa3r8 equal 

to the angle formed by the two lines b f and e f. This 
last angle is called the angle of reflection. In reflected 
motion, the angle of incidence always equals the angk 
of reflection. 




SUMMARY. 

The inability of a body, whether at rest or in motioflj 
to change its state, is called inertia. (85.) 

A moving body^ when left to itself will always mffOt 
in a straight line and at the same rate, i^^ 

An unbalanced force must act upon a body in order 
to put it in motion, or to change the direction or rate of 
its motion. (87.) 

When a force acts upon a body for a moment onlyj 
the motion which it imparts is gradually wasted away, 
owing to the resistance which the body meets. (88.) 

The resistance which a moving body meets increases 
as the square of the velocity of its motion. (90.) 

A body moving in a straight line and with uniform 
velocity is in equilibrium. (91.) 

An unbalanced force has the same effect^ whether it 
act upon a body at rest or in motion^ and whetJut 
it act alone or with other forces. (92.) ^ 

A body thrown horizontally or obliquely, wherjt acted 
upon by gravity, is made to move in a curved paliu 

(93-) 
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Were it not for the air, a light body would fall as fast 
as a heavy one. (94.) 

Gravity acting alone causes a body to fall from a state 
of rest about 16 feet in a second. When a body is mov- 
ing directly downward, gravity increases its velocity at 
tlie rate of 32 feet a second. When a body is moving 
directiy upward, gravity retards its velocity at the rate 
of 32 feet a second. (95, 97.) 

The same force always gives to a body the same 
quantity of motion, or motnentum. The momentum of 
a body is found by multiplying its weight by its velocity. 

(99-) 
A moving' body cannot impart motion to another 

hody without itself losing" the same quantity of motion. 

(100.) 

When the same force acts in opposite directions, it 

is often said to act in one direction and to react in the 

opposite. (100.) 

It takes time to give motion to a body as a whole. 

(loi.) V 

In reflected motion, the angle of incidence equals the 

angle of reflection. (102.) 

S^^ For Problems under the Laws of Motion, see Appendix. 

THE PENDULUM. 

103. A Pendulum is a heavy Body hung from a 
fixed Point by means of a Cord or Rod, — When the 
centre of gravity of the body is directly under the point 
of support, the body remains at rest ; but if the body be 
drawn out of this position and let go, it will fall towards 
a vertical line passing through the point of support ; and 
when it has reached this line, it will, owing to its inertia, 
pass beyond it. On coming to rest, it again falls toward 






this TefHCal luie and again passes beyond, 'ani 
continues to swing from side to side. 

Fig, ji 104, First Law of tke Viiratht^- 

of the Pendulum. — Suppose rf, iH' 
■p^*>«| Figure 5a, to be a leaden ball hanging 

Oj by a fine sil]( thread. Pull it to 

side so that it shall swing through R 

very short arc, and count the numtar] 

of its vibrations in a minute. Nov 

bring it to rest again, and draw it to 

one side so that it shall swing through 

a little longer arc, and again count 'id 

vibrations In a minute. Again bring 

the ball to rest, then cause it to swing 

through an arc yet longer, and conat 

vibrations in a minute. 

L three cases, the number of vibrational 

I minute will be equal. 

By K vibration is meant the whole of the pendulum' 

movement in one direction. The arc through whic%^ 

the pendulum swings is called the amplitude of its 

vibration. 

When the length of the pendulum remains the samti 
the pendulum always vibrates in nearly the same time, 
whatever be the amplitude of the vibration.* 

This singular property of the pendulum is called isoch- 
ronisTn., from two Greek words, signifying equal times, 
and the vibrations of the pendulum are said to bo 
isochronous. 

105. Tlie Second Law of tke Vibration of the Pen- 
dulum. — Let d and c, in Figure 53, be two pendulumi 
exactly alike, except that the ball of one is lead, and 
the other ivory. It will be found that, making allowan( 

* If the amplitude doee not exceed 3°, the time of vibration 
will alwnys be etiactly the same. 
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t die resistance of the air, eacli perfonns the 
Iftber of vibrations in the same time. J^(?r pendulm 
^tte same length, the time of the vihrattatt is ths 
me, vihatever the pendulum may be made of. 

, Third Law of the Vibration of the Pendulum. 
iet b, in Figure 53, be a pendulum one-fourth the 
:, and a anotlier, one-ninth the length of 
1 be found that b vibrates twice as fast as c, and 
^ times aa fast as c. This shows that, far pendi 
! of -unequal length, the time of the vibration 
Trtional to the square root of the lengt/t; that 
Rlengths of the pendulum being made 4, 9, and 
I greater, the times of vibration will be only 2, 
jl 4 times longer. 

, Fourth Lavj of the Vibration of the Pendulum. 
t is found that when a pendulum of a given length 
jn different parts of the earth's surface, the 
^ of the vibrations is not always tlie same. Towards^ 
loles it is found to vibrate more rapidly than at 
Mathematicians have shown that tliis is 
e ttie force of gravity is stronger at the poles. T 
^ flho^Ti that, in different farts of the earth, 
■ «/" vibration for pendulutns of the same length is 
irse ratio of the square root of the intensity 
•avity; that is, if tlic intensity of gravity were four 
i as great in one place as in another, the time of 
ration for a pendulum of the same length would 
If as great, and so on, 

. T%e Use of the Pendulum for Measuring Time^ 
most important use of the pendulum is for 
taring time. The common clock is merely a con- 
'■e for recording the beats of the pendulum, and 
f up its motion. The essential parts of such 
ire shown in Figure 53. The toothed wh< 
J tiie scape-^heelf is turned by a weight or sprii 







escapement n m, which swiu 
; the vibratioDS of the. 
dulum being communicated to 
means of tlie forked i 
j&\ the pendulum is at rest, one of m 
of the scape-wheel rests upon dw 
side of the hook m, and the cloc 
r tlie pendulum b< 
I that the hook m is 
^ i from the whcei, the tooth which 

1* on it is set free, and the wheel \m 

turn ; but it is soon stopped by tl 
n, which moves up to the whei 
»ves away from it, and catche 
under side the tooth next belo 
the pendulum swings back, the, 
^^^ moves away, the wheel again b 

^^^^A turn, but is stopped again on th 

^^^B y site side by the hook m, which 

^^F"""^ the tooth next to the one it heM 

^ and thus each vibration of the pe 

allows the scape-wheel to move forward through 
;-half of one of its teeth. If, then, thi 
has thirty teeth, it will turn roimd once in sixty 1 
the pendulum. Upon the axis of tliis wheel the 
hand of the clock is placed. It is connected with I 
wheel, which takes sixty times as long to revoli 
I which carries the minute-hand; and this lattet; 
1-16 connected with another, which turns in twelve 
Ithe period, and carries the hour-hand. Thus the 1 
Jiand registers the pendulum-beats up to sixty, 
minute; the minute-hand registers the revoKitioni 
I second-hand up to sixty, or one hour ; and the hoi 
I those of the minute-hand up to twelve, or half a c 
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te it not for tlie pendulum and escapement, these 
would be whirled round very fast by the action 
weight or spring, and the clock would soon run 
On the otlier hand, were diere not some means 
ping up the motion of the pendidum, it would soon 
mght to rest by the resistance of the air and the 
a at the point of suspension. Its motion is kept 
means of the escapement, which is so constructed 
;ive it a alight push at each vibration. The ends 
two hooks have inclined surfaces against which 
tooth of the wheel, as it leaves them, presses with 
Icrahle force, so as to throiv the escapement for- 
t little. This impulse is communicated, through 
e>, and tlie arm a 6, to the pendulum. 



SUMMARY. 

yendulum is a heavy body hung from a Iixed point 
ions of a cord or rod. (103.) 

laws of the pendulum are four : — 

When the length of the pendulum remains thg \ 
the pendulum vibrates in nearly the same time, I 
Wtfr ie the amplitude of the vibration, (104.) 
J^or pendulums of the same length, the time 0/ ] 
'rations ts the same, whatever the pendulum may \ 
>•'/■ (lOS) 

Mor pendulums of different lengths, at the s. 
the time of the vibrations is proportional to tha 1 
r root of the lengths. (to6.) 

, In different parts of the earth, the time of the J 
'ions for pendulums of the same length > 
•lerse ratio of the square root of the intensity ^M 
r. (-07.) 

pendulum is used for measuring time. C"^0 
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MACHINES. 



THE LEVER. 



109. There are three Kinds of Zcfer. —When a 

workman wislies to raise a large stone, he places an 

\xo\\ bar under it, as in Figure 54, 

. witii a block under the bar nei 

^ stone, and then presses down upon 

the other end of the bar ; or else he 

places the end of the bar under the 

stone, as in Figure 55, so that one end of it rests upon 

the ground, and then lifts upon the other end. The bar 

Fig-ss- thus used constitutes one of tie 

! machines. It is called the 

le-ver. The mass to be raised la 

called the weight. The moving 

force applied at the other end U^ 

the bar is called the power; and the point on which iM 

bar rests is called t\\e fulcrum. The parts between tit^ 

fulcrum and the points where the power and weigU, 

act are the arms of the lever. In the first case, titf 

fulcrum was between the weight and the power; in " ' 

second case, tlie ■weight was between the iulcrum 1 

Pig js^ tlic power. In the fishing-rod 

(Figure 56), one hand,y; is the 
. fijlcmm ; the other hand, P, b ■ 
• power ; and the fish is ^ 
weight. Here the power is applied between tiie fd 
crum and tlie weight. 

There are, then, three kinds of lever : — 
(i) That with the fulcrum between the weight ani 
J>ower. 
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(2) That -wiih the weight between the fulcrum and 
I That -with the power between the fulcrum and 



I These three kinds of lever are shovra in Figure 57. 



=1 



mo. TTie Law of the Lever. — In the lever of the 
t kind, if the fulcrum is just half-way between the 
it and power, then the weight and power will move 
tough equal distances. In this case, tlie weight and 
r must he equal in order to balance each other, or 
to be in equilibrium. If the pow^er were twice as far 
front the fulcrum as the weight, then the weight would 
love through only half the distance that the power does, 
;;a3e tlie power need be only half the weight 
f order to balance it. 

Thus we see that, in the case of the lever, (he weight 
• will balance each other -when the power, 
)litiplied by the distance through -which it moves, 
tuals the weight multiplied by the distance through 
t/fii it moves; that is, if the hilcrum of a lever be 
placed that one end of the lever will move through a 
nisand inches while the other end moves one inch, 
I power of one poimd on the former will balance 
nrelght of a thousand pounds on the latter. 
in. The Law of Machines in Generot.— T\*m.mft 



J 
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is found to be true in the case of every machine, how- 1 
ever complicated ; namely, thai the povjer and weigM 1 
■wiil balance each other when the power, multiplied (y I 
the distance through "which it moves, equals the weigkt I 
multiplied by the distance through which it moves. 

There is no real gain of mechanical yorce in a lever of 
a machine of any kind. A machine is only an arrang^^ 
ment by -which a small force acting through a gruA 
dislatice is converted into a great Jorce acting iAroMgM 
a small distance, or else a great force acting through » 
small distance is converted into a small force acting 
through a great distance. 1 

When a small force, by acting through a great diB- | 
tance, is made to raise a great weight, or do a great 
deal of work, there is said to be a gain of power in the ( 
machine. When, on the contrary, a great force, in mov- 
ing through a small distance, lifts only a small we __ 
or does very little work, there is said to be a loss <4 
power in the machine. But -whenever there is a gtuk 
in power, there is a corresponding loss in speed; an^ 
•whenever there is a loss in poicer, there is a ck 
sponding gain in speed. For if, in the machine, It 
pow^er of one pound is made to move a weight of t 
pounds, then the weight moves only one-tenth as fast 
the power. But when a power of ten pounds is madt 
to move a weight of one pound, then the weight moviM 
ten times as fast as the power. 

112. Gain and Loss q/ Power in the Lever. — Ini^ 
lever of the Jirst kind, -when the folcrum is just kay^ 
•way between the weight and power, there is neitA 
gain nor loss in power. If the folcrum is nearer tk( 
weight than the power, there is a gain in power 
a loss in speed. If the folcrum is nearer the ptrw4, 
than the weight, there is loss in power and gat'. ' 
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I In a lever of the second kind) the power is always 
trther from the /tihrum than the -weighty and con- 
mtly it always moves through greater distance, 
pence, in this kind of lever, there ii alviays a gain in 
nd a loss in speed. 

ever of the third kind, the loeighl is al-ways 

^rt her from the fulcrum than the pozvcr^ and must 

>ve the greater distance. In this kind of lever, then, 

B is al-ways a loss in power and a gain in speed. 

3- T'he Compound Lever, — Sometimes two or more 

mple levers are combined, as shown in Figure 58. 

Suppose that P be five times 

as far from the fulcrum f as 

A is, the point P will then 

five times as fast as the 

point A-, and a pul! of one 

pound on P will exert a pull 

of five pounds 011 A, If B is 




^Hlve times as far from the fulcrum P 
^Hpouuds of pull on B will exert tweiitj'-fi' 
Hkt W. In this case, one pound of pull . 
^^balance twenty-five pounds at W. But it 



W is, the five 

pounds of pul! 

;rted at P will 

be found 



on trial that by pulling P do^vn one inch, W will be 
raised only one twenty-fifth of an Inch. 

Such a combination of levers is called a compound 
lever. 

1 14. Bent Levers, — Sometimes the arms of the lever 
are bent, as shown in Figure 59. In such a lever, the 
lengths of t!ie arms are straight 
lines drawn from the fulcrum at ^*' 5* 

right angles to the lines which 
thffw the direction in -which the , 
power and -weight act. 

The common claw-hammer, as used for drawing nails, 
ia an illustration of tliis kind of lever. 
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Fig. «a. 




THE WHEEL AM> AXLE. 

115. The Rack and Pinion. — In Figure 60, we have 
a machine called the rack and pinion. The crank A 
turns a small tootlied wheel called tht 
pinion. The teeth of the pinion, one 
after another, catch under the teeth of 
a upright bar B, called the rack, and 
! each tooth raises the bar a little. If 
I the rack is placed under the weight, it 
will cany up the weight as it rises. 

77ie Rack and Pinion is a 
Modification of the Lever. — In the 
rack and pinion, the crank takes the place of the loi^ 
arm of the lever ; tlie rod, or axle, upon which the 
pinion turns takes the place of iX\e yulcrum ; and the 
pinion takes the place of the s/tori arm. Each tooth 
of the pinion is, in fact, the short arm of a lever, and ih» 
pinion is a contrivance by -which the lever is furnish^ 
■with several short arms instead of one. These short- 
arms act upon tlie weight one after another, so that it 
can be raised a considerable distance without interrup- 
tion. With the simple lever, it is evident that a weight 
can be lifted but a little ■way at a time. 

117. TJe Windlass. — In the windlass (Figure 61), 

a thick axle, or barrel, takes tSie place of the pinion^ 

Fig. 61. 3nd a rope that of the rack^ 

i^A When the crank is turned, tho 

Jr-!^_-_____y--i rope is wound upon the barrel, 

and the weight raised. In one 

turn of the crank, the rope is 

wound once round the 

' ' and the weight 

tance equal to the circumference of the barrel 



the barrel*! 
lised a ^^^ 
; while thoJ 




[nwer at the end of the crank moves through a path 
; dotted line in Figure 60. If the power moves 
1 times tlie distance the v^eight moves i 

, a power of one pound at the end of the crank 
t to balance ten pounds of weight hung from the 

™i (,,,). 

8. Tlie Capstan. — In the windlass, tlie longer the 
i and the smaller tlie barrel, the greater the gain of 
if. If, however, tlie barrel be made very small, it 
pill not be strong enough ; while if the crank be made 
pry long, it cannot be conveniently turned with the 
^and. But instead of one crank there may be a num- 
ber of spokes; and, if the barrel be placed upright, a 
man may pull upon one spoke after another as they 
come witiiin his reach, and thus turn the barrel, or 
Kveral men may walk round it, pushing against the 
spokes. Such an upright ■windlass, ivith long spokes, 
IS called a capstan, and is much used on board ships. 

Sometimes the capstan (Figure 63) is arranged with 
a. single long arm, to which a horse can be harnessed. 

Fig.«3. 
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lass. The wheel takes tiie place 
of the crank of the windlass, or 
the spokes of the capstan. Power 
' is applied lo the wheel, either 
means of pegs upon its rim, as 
Figure 63, or by means of a rope 
or band, as in Figure 64. 

Suppose that the circumference 
of the wheel is eight times that of the axle. If we 
hang a weight of one pound to the wheel, we must 
hang a weight of eight pounds to the axle in order to 
balance it ; and the former will move eight inches, while 
the latter moves one {ill). 

I30. Tie Ratchet. — The ratchet is an arrangemetd 
to keep the wheel from turning except in one direc- 
tion. It consists of a catch c (Figure 6,}.), \vhich plays 
F«. 64. into the teeth of tlie wheel A B. It 

thus allows the wheel to turn to tiie 
left, but keeps tlie weight from pullii^ 
it back towards the right. 

lai. Wheel-work. — In the wheel' 
and axle, the lai^er the wheel and tiie 
smaller the axle, the greater the gain 
power. But, as has already been said' 
(iiS), if tlie barrel be made very small, 
it may not be strong enough ; and, on the other hand, 
if the wheel be made very large, it will be too heavy and 
take up too much room. Instead of using such a lai^ ■ 
wheel, we may have several -wheels and axles acting- 
upon one another, like the levers in the compound 
lever (113). Such a combination, or train, of wheels 
and axles is often called ■wheel-iuork. The power Is 
applied to the circumference of the first wheel, and the 
weight is hung to the axle of tlie last wheel. 

Sometimes one wheel turns the other by rubbing' 




lecl'J 
tiiej 
no(^ 




against it, or by friction. The most common way, 
however, is by means of teeth or cogs on the surfaces 
of the wheels and axles, as shown in Figure 65. 
If the teeth project from the side of p- ^ 

liie wheel, as in Figure 66, it is 
called a crown-wheel. If their edges 
are sloped, as in Figure 67, the wheel 
is called a level-wheel. Again, 
wheels and axles may be made to act 
upon one another by means of a helt, 
or band, passing over them both. 





8a 



ICKCHANICS. 



They may thus be at any distance apart, and ma 
either the same way or contrary ways, according j 
belt does or does not cross between them. 



THE PULLEY. 

122. In Figure 68, we have a fixed ring through 
passes a cord with a weight hung to it. By p 
down the cord at -P, the weight is drawn up. It is 
desirable thus to Chang's the direction of the powe: 
Fig. 68. If "vve use a ring for this purpose, m 

the power will be wasted by the fricti 
rubbing, of the rope against the ring. 
may get rid of much of this friction by 
instead of the ring, a pulley. This is s 
a wheel with a grooved rim to keep th' 
in place. 
There would be no gain in power by the use 

Fig. 69L 





Hey. It is evident that one pound on one side of the 
;1 would balance Just one pound on the other side ; 
diat if the former were drawn down one inch, the 

iter would be drawn up just one inch. 

;ry common use of the pulley in changing the 

ireciion of the power is illustrated in Figure 69. 

123. Fixed and Movable Pulleys. — In Figure 70, 
B frame of the pulley Z' C is fastened to the ceiling ; 
le frame of the pulley A B rises as tlie Fig. ,0. 
ipe /"is drawn down. A pulJey like D C 
i called a Jixed pulley ; one like A By . 
Kvaile pulley. The frame of the pulley 
mften called the block. 

124. The La-w of the Pulley. — In the 
Itnbination, or system, of pulleys in Fig- 
re "JO, it is evident that the rope must 
ave the same tension, or strain upon it, from one end 

the other. This fact, namely, that a cord -when 
Wretched must have the same strain upon it through- 
It its length, is called the law of the pulley. 

125. Systems of Pulleys with one Rope. — In Figure 
!*)] the tension or strain of die rope is equal to the power 
W\ since it balances the power. If a weight of one 
pound is hung to the rope at P, there will be a strain of 
Wie pound on the part of the rope on that side of the 
?ulley. There must then be a strain of one pound upon 
Pic part of the rope between A and D, and a strain of 

pound between B and H. These two tensions, 
^D and B H, will evidently sustain a weight of two 
pounds at W. In this system of pulleys, then, a power 
Ptone pound balances a weight of two pounds. 
But here, as in every other machine (m), -what is 
titled in power is lost in speed. If the power P 
drawn down one foot, the weight W will rise only 
Blfafoot; for of the one foot added to the length of 



M 



CP, one-half will be takeo from AD and oM-raC 
from BH. 

Ill the system of pulleys shown in Figure 71, we » 
that one pound at P will balance three pounds at H 



since each of the three parts of the rope on that side 
of the pulley C has a tension of one pound. But P 
must he drawn down three feet in order to raise W 
one foot. 

In Figure 72, we have a system of pulleys in wticli 
the weight is four times the power ; and in this cb^ i 
the power evidently moves four times as far as ti^ 
weight. 

136. Systems of Pulleys with more than one Rop^ 
— Figure 73 represents a system of pulleys, in 'whicl 
two ropes are used. Here a weight of four pounds t| 
balanced by a power of one pound. The parts of 
rope A D and A B must each have a tension equal to th< 
power. The rope A CB balances the two tensions, B. 
and B A, and must therefore have a tension of twice ll 
power. The three tensions supporting the pulley . 
amount therefore to four times the power. 



UECHANICS. 



le system shown in Figure 74, four ropes are used. 
■tensions of the several ropes will be readily under- 




wood from the numbers. In this case, the power 1 
itouiled by each movable pulley which is added. 



THE INCLINED PLANE. 

f 127- When a heavy cask is to be raised into a cart or 

■, a ladder is often used. One end of the ladder is 

::eci upon the cart behind and the other end upon the 

mnd, and the cask is rolled up the inclined surface tlius 

One man may thus raise a load of several 

mdred weight ivith comparative ease. An inclined 

fH^ace used in this way is called an inclined plane. 

pWe often see inclined planes on a large scale in roads. 

I- 138. The La-w of the In- pi^^j. 

pKetf Plane the same as 

f of other Machines. — 

\ Figure 75, we have an 

lined plane. W is the 

jht, which is balanced 

> (he power P. B C m the height of the inclinedi 



L 



plane, and ^ C is its length. It is evident tiiat ftfr 
power must dcBCend a distance equal to the length of the 
inclined plane, in order to raise tlie weight a distance'' 
equal to its height. Now it is found on trial that, if the 
length of the inclined plane is sixteen feet, and its height 
four feet, a power of one pound will balance four pounds 
of weight. But one multiplied by sixteen equals four 
multiplied by four ; that is, the fower mulliplud by 
the distance through -which it acts equals the weight 
multiplied by the distance through which it is raised- 
It follows from the above, that the greater the length of 
the inclined plane., compared with its height, the less 
the force necessary to raise a weight, and the slovier 
the weight rises. 



THE WEDGE. 



alon^ 
push\ 

Wheo,^ 



139. Instead of lifting a weight by moving it along 
an inclined plane, we may do the same thing by pui 
ing the inclined plane under the weight. WheftJ 
thus used, the movable inclined plane is called thei" 
wedge. A wedge which is used for splitting wood has 
Fig.j6. usually the form of a double inclined planen 
J as in Figure 76. The law of the -wedge i^^' 

the same as that of the inclined planeli 
but since a wedge is usually driven by a iloV^, 
instead of a force acting continuously, it i| 
difficult to illustrate this law by experiments^ 
130. Uses of the Wedge. — The wedge is 
especially useful when a large -weight is ^ 
be raised through a very short distance 
Thus a tall chimney, the foundation ol 
which has setded on one side, has been made uprigt^ 
again by driving wedges under that side. So, too, 
ships are often raised in docks by driving wedges undei 



keels. Cutting and piercing instruments, sii 
iKors, knives, chisels, awls, pins, needles, and t 
arc diSereQt forms of wedges. 

THE SCREW, 
f 131. The screw (Figure 77) is a movable inclined 
in "which the inclined surface -winds round 

■ cylinder. The cylinder is the ^.^ ^^ 

hdy of the screw, and the in- 
tiined surface is its thread. 

The screw usually turns in a 
Kock N, called the nut. Within 
e niit there are threads exactly 
'ttnesponding to those on the 
«rew. The threads of the 
B»?e between those of die nut. 

e power is usually applied by 
fteana of a lever P. Sometin 

w is fixed and the nut is 
lovable, and Bometimes the nut is fixed 3 
ftvable. 

T%e Endless Screw. — In Fig- 
is 78, tfie thread of the screw works ■ 
the teeth of the ■wheel, and 
Since as fast as the teedi at 
fe left escape from the screw those on 
p right come up to it, the screw acts 
■ flie wheel continually ; hence the name of the machine. 




ind the screw 




machine is a contrivance by which force is made to 
■work. In a machine there is no real gain of force, 
a force may be changed in direction, and a small force 
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WATER POWER. 

, 133. Water Wheels. — An important source of me- 
j^anical power is falling -water. The falling' or run- 
jing water is matTe to turn a wheel, called a water 

', and tliia wheel is made to drive machinery. 
^Water wheels .-ire of various forms. Some turn on 
upright axis, and others on a horizontal axis. 
i latter are callud vertical water wheels / and the 
sner, horizontal water wheels. 

Vertical Water Wheels. — One of the most 

immon forms of vertical water wheels is the breast- 

!, represented in Figure 79. It consists of a series 

I rf boxes, or buckets, arranged on the outside of a wheel 

or cylinder. Water is al- pjg, ,^ 

lowed to flow into these 

I buckets on one side of 

I lie wheel, and by its 

Weiglit causes the wheel 

to turn. The buckets are 

so constructed that they 

i»l<i the water as long 

IS possible while they 

are going do'wn, but al- 

, low it all to run out be- 

bfcre they begin to rise 

■ M the other side. 

P The overshot -wh&cl is 




- to the 



breast- wheel in 
aB respects, except that the water is led over the top of 
ttie wheel and poured into the buckets on the other side. 
The undershot wheel has boards projecting from its 
circumference, like the paddle-wheel of a steamboat. 
The water runs under the wheel, and turns it by the 
fcrce of the current pressing against the boards. 



135- Barker's MiU. — In Figure So, we liave a boW 

low upright cylinder, with two horizontal arms "* *" 

Pi., nn. bottom, and turning on an axis. 

cylinder is open at the top, but cloa 

ow, except that it has two holes 
opposite sides of the arms near li 
end, as shown in the figure. If wa. 
be poured in at the top, tlie cylint 
begins to turn round, and will coating 
to turn as long as the supply of 
is kept up. If tlie holes in the aiq 
are stopped up, the cylinder ceases! 
move. This apparatus is known 
Sarkct's mill. Its action is easily understood when 
recoUect that liquids press equally in all diredii 
(56). If tlie holes in the arms are plugged up, I 
water presses forward against the plug ; and it press 
backward against the opposite part of the arm w 
equal force, so that there will be no motion, ] 
we remove the plug, there will be no pressure again! 
that part of the arm to balance the backward p' 
against the opposite side ; and the arm consequent 
turns backward. As the holes in the arms are on opp 
site sides of the tube, the backward pressure on eiu 
arm tends to turn the cylinder in the same directioiv. 
Fig. g,. This machine gains in power 

irving the arms, as shown in E: 
•e Si ; for the water is thus mi 
press more powerfully against 
;nd of the arm as it Hows throi 
e tube. 

i.-^e. The Turbine WXec/. — The power of Barkfl 
mill, as represented in Figure Si, would evidently S 
increased by increasing the number of the arms. £n 
stead of these anna we might have curved pajtitioni 
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placed between two flat disks, forming a wheel, as 
flliown in Figfure 82. 

Suppose now that the wheel ^. ^ 

■were cut round where the dotted 
oicle is seen in the figure, 
■ and that the outer part were 

■rranged to turn round freely / 
. while the central part ^as kept [ 
I rtationary. If water were poured \ 
I Into the wheel from above, the 

(outer part would of course ti 
round just as the whole wheel 
did before it was cut. For the action of the water 
i against the partitions would evidently be the same as 
before, and it ^as this action which turned the 'wheel. 
The arrangement just described is that of the tur&ine 
I vkeel, the most efficient water wheel ever invented., 

. STEAM POWER. 

I 137. 7Xe Steam Engine. — The elastic force of con- 
fined steam (71, 82) can be made to work a piston by 

' flw arrangement shown in Figure 83. 

The steam coming ftiam the boiler by the tube x 
passes into the box. d. From this box extend two 
(Mpes, a and b, for canying the steam, one above and the 
other below, the piston. A sliding valve ^ is so ar- 
ranged tiiat it always closes one of these pipes. In the 
right-hand figure, the lower pipe 6 is open, and the 
steam can pass in under the piston and force it up. At 
the same time, the steam which has done its work on 
the other side of the piston passes out from the cylinder 
through the pipes a and O. 

The sliding valve is connected by means of the rod (" 
witti the crank of the engine, so that it moves up and 



:he piston moTcs down and up. As soon, tht 
as the piston has reached the top of the cylinder, t 
sliding valve is brought into tlie position shown in I 
r« S3. 




h 



left-hand figure. The steam now passes into the cyli 
above the piston through the pipe a and forces the p 
down, and the steam on the other side which has 
its work goes out through 6 and O. The sliding " 
ia now again in the position shown in the right- 
figure, and the piston is drix'en up again as before; 
thus it keeps on moving up and down, or in and 
This kind of motion is called reciprocating motion. 
Fig. 8(. In using the engine for c 

work, it is generally necessai 
change this reciprocating" m 
into a rotary one ; that ■« 
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H^Ke the piston, as it moves up and down, itirn a 
^f'^Ec/. This is usually done by means of a crank. 

Jf-"C crank is sometimes connected ^.^ ^^ 

B^itb tlie piston-rod directly, the cyl- 
inder being placed either horizontally, 
^Fs shown iu Figure 84, or upright, as 
Wp^ the engine represented in Figure 
■w, In other cases, the piston-: 
HLle crank by means of a 1 
■fc^am, the arrangement and action of 
■^vliich will be evident from Figure 85. The walking- 

■ Mam is much used for large engines, especially on 

■ steamboats. 

I In Figure 86, we have a picture of a small stationary 
I tteam-engijie, which shows how the parts of the ma- 
I chine already described are put togetlier, and also illus- 
B trates those parts which have not yet been mentioned. 
I On the right is the cylinder P, which is supplied with 
I steam from the boiler by tlie pipe x. The waste steam is 
H carried away by tlie pipe L, Within the cylinder is the 
m piston moving up and down as explained above. The 
W piston-rod A moves the crank A/, and tiius turns the axle 
I D, which may be connected with the machinery to be 
I driven, by means of a belt X, as here, or by a train of 

■ wheels, or in various other ways. ^ is a pump, like that 
B shown in Figure 45, which supplies the boiler with water, 
B tlirough the pipe R. It is worked by tlie engine itself 
Bly means of the rod g^ and the cam, or eccentric, E. 

I 138. The Governor. — The governor is a contrivance 

■ feywhich the engine regulates its own speed, so tliat it 

■ may not be too suddenly quickened or retarded by vari- 
Bjtions in the work to be done. It consists of two arms, k r 
\ (P'gi-ire 86), carrj'ing heavy iron balls, m, «, at one end, 
lind attached by joints at the other end to the rod c. The 
■whole is made to rotate by means of the bevel-wheela a 
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^ and the arms and balls tend to separate more and I 
q just as two balls hung side by side will do when I 
trings by which tiiey are held are twirled by the 1 
; As the arms spread out, tliev raise the ring r 
h slides freely on the rod c; and as r rises, it acts I 
the levers Jt, /, and O, which partially close a valve 1 
t pipe X. This valve is seen at v in Figure 83, The f 
^ of steam from tlie boiler is thus diminished, and I 
peed of the engine is retarded. The governo 
BE less rapidly, the arms drop a little, tlic 
i down, the valve in x is opened a Uttle more, let- 
steam pass to the cylinder more freely, and the 
i of the engine is quickened again. Thus any ten- 
yto go faster or slower corrects itself very promptly ; 
flie engine runs at almost exactly the same speed, 4 
fVer, much tiie resistance may vary, | 

[). The Fly •Wheel. — As the crank turns round, it 
be seen that there are two points where the pis- 
bd is pushing exactly in the direction of the point 
d which the crank moves; and that at tiiese points 
es not tend to turn the crank at all. There must 
(ore be some means of carrying tlie crank past these 
* points, as they are called. This is the office of tlie 
'iieel V, a heavy iron wheel attached to the axle Z>. 
great momentum (99) of this heavy mass tends to \ 
I the axle round with a uniform motion, notwitl 
Ing the variations in the power acting upon it. 
k High Pressure and Low Pressure Engines,— 
1. the steam, after doing its work in tlie cylinder, i 
Etf into a cold chamber.^ the engine is said to be c 
Pressure; when it is forced out into the air, th 
fc is said to be of high pressure. In the former J 
] the steam is condensed into water in the cold I 
Sber, and a vacuum is thus formed behind the I 
In the latter case, the piston has to act against I 
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the pressure of the atmosphere., which, as we hffl 
learned (74), is equivalent to a weight of 15 pouu 
on each square inch of its surface. It is evident that 
greater pressure of steam will be necessary to move d 
piston in the latter case. 

141. The Boiler. — In the boiler, the steam is pi 
duced, and conjined until it is used in moving d 
piston. 

Boilers are usually made of plates of wrought iron < 
copper riveted together. Copper is the best material, bo 
iron is generally used on account of its cheapness. 

In order to get the full effect of the fire, the hot 
and smoke from it are usually made to pass througi 
Jiues or tubes in the body of the boiler; and the 
comes directly in contact w^ith tliese flues or tubes. Tlui ' 
is illustrated in the Cornish boiler, as it is calle^, shown 
in Figure 87, and considered one of the best forma of 
Fig. S7. boiler. It is a cylindel 

frequently more than fot^ 
feet long, and from five 
'en feet in diameter, wilj 
' two cylindrical flues, B 
extending its whole lei^tl 
These flues serve as tlie fij 
nace in which the fire is built. The hot g.is and smokf 
afttr passing through the Rues, circulate round the od 
side of the boiler before escaping into the chimney, u 
Figure S8 represents the usual form of the boiler of,- 
locomotive engine. The fiirnace, or f re-box. A, ia wifl 
in the boiler, and is surrounded by water except beneal 
and at the door D. A large number of stout tubes 
from the fire-box through the boiler to the smoke-box 
The iiot gases and smoke pass thi-ough these before tl 
escape into the chimney. E is the steam-dome., from ■ 
top of which a large tube conveys the steam into tb 







itnber I^, from which it passes by tubes on each i 
the cj'Iinders. The waste steam from the cylin 
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Bses into the chimney through two pipes meeting at. 
d thus increases the draught of the flirnace. 
' 142. The Locomotive Engine. — This machine ia 
all in Figure 89. The boiler XX has just 
Ben described, D is the fire-box ; 7", the smoke-box ; 
( tile tubes connecting the two ; O, the door for putting 
1 fuel ; //", the vent-cock., by which the water can be 
n off from the boiler ; R R, the feeders which con- 
UCt water from the tender to two force-pumps (not seen 
1 the figure) by which it is forced into the boiler. At 
safety-valves, kept down by spiral springs in 
e. When the pressure of steam in the boiler 
Kotnes too great for safety, the valves open and, by 
bowing a part of tiie steam to escape, reduce the pres- 
B the steam-Tvhistle ; G, a. rod which controls 
t »alve /, by which steam is let into the steam-pipe A. 
fce engineer is represented as holding in his hand the 
• by which this valve is opened more or less, to 
filiate the speed of the engine. The steam-tube A. 
f, dirough the boiler, as shown by the dotted lines, 
I the smoke-box, where it bi'anches off to the two 
In this engine there is no chamber, like that 
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f which the steam is admitted to the cylinder is pre- 
fiseiy like the one 6gured and described above (137) ; 
:, being behind F under the boiler, it does not appear 
e. M is the pipe by which the waste steam ia dis- 
xharged into the smoke-pipe ^. A" is the connecting- 
rod, by means of winch the piston turns the crank AI on 
tlie axle of the drhing-wkeels. In starting the engine, 
the valves must be moved by hand. This is done by 
means of the lever B and the rod C. II are slop-cocks, 
through w^hich any water condensed in the cylinders can 
be driven out ; v, the rod for opening these cocks. 
The locomotive is always a high pressure engine. 



SUMMARY. 

The down-ward and lateral pressure of -water is a 

; of mechanical power. (133.) 
The downward pressure of water is made to turn a 
fy/«a/ water wheel. (134-) 

The lateral pressure of water is made to turn a kori- 

■ reaction water wheel. The turbine -wheel is 

. reaction wheel, and the most efficient water wheel 

"xwn, (135, 136.) 

The elastic force of steam is used as a source of 

jianical power in the steam engine. (137.) 

The essential parts of the steam engine are tlie boiler, 

B which the steam is generated ; the cylinder, in which 

. ! expansive force of the steam is made to work a 

tittDn ; and the cranky by which the motion of the 

made to turn a shai^, {141, 137.) 

'' Xa. the lo-w pressure engine, a vacuum is formed be- 

(iind the piston by condensing the steam which has 

■CD used ; in the high pressure engine, this steam 

led out against the pressure of the aii- ^^^ 
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NATURE AND PROPAGATION OF SOUND. 

143. A Sounding Body is a Vibrating Body. — " * 
glass bcU-jar held by the knob be struck witli ^ 
knuckle, it gives out a sound. If a bit of metal, ivoiyi 
or other hard substance be placed within the bell, a* 
seen in Figure 90, it is tossed up and down rapidl/i 
showing tliat the bell ia vibrating. 




Every body vibrates ■while giving out sound, anm 
it is only by causing a body to vibrate that it can ^ 
made to give out sound. 

144. Sound will not pass through a Vacuum. — In 
Figure 91, the bell B is suspended by silk tlireads unda 
the receiver of the air-pump. The bell is struck by 
means of clock-work, set in motion by the sliding rod f. 
If the bell be struck before exhausting the air, it < 
distinctly heard ; but as tlie air is exhausted, the 
becomes feinter and fainter, until at last it can hardly 
be perceived even with the ear close to the receivers 
Sound, then, cannot pass through a vaciucm. 



Tbe slight sound which is 

ieard"is transmitted by the 
ittle air left in the receiver, 
ind by the cords wliich hold 
ip the bell. 

145. Sound passes through 
all Gases. — If hydrogen or 
itny other gas be now al- 
lowed to pass into the re- 
ceiver, the sound of the bell 
Vfill be heard again. 

146. Sound passes through 
Liquids and Solids. — If a 
wll be put under water iinii 
struck, it can be heard. If 
S person puts his ear close 
fo Uie rail of an iron fence, 
and the rail be stmck at 
* considerable distance, he I 
liears the blow twice. The 
fifst sound comes through 
tte rail ; the second, ■which soon follows, c 
the air. These experiments show that . 
through liquids and solids. 

A slight scratch upon the iron rail, which could not 
Be heard at all through the air, is heard distinctly when 
ar is placed against the rail ; showing that the solid 
transmits the sound better than the air. If the ear be 
laced near the ground, the tramp of horses or the tread 
r men can be heard at a great distance, the sound being 
»nveyed by the solid earth. 

A vibrating body throws the molecules of air^ or 
\ther elastic medium around it, into vibration, and 
'Aese vibrations are sent on from molecule to molf 
M(/« until they reach the ear. 




omea through 



147- The Intensify of Sound defends Mpm 
Amplitude of the VibratioTts. — If the beU-Jkr '' 
Figure 90 be struck lightly, it will give out a 6 
sound, and tlie bit of metal will be but slightly iij 
if it be struck a harder blow, it wil! give out a kwi 
sound, and the metal will be more violently agibl 
It is evident that in the latter case the bell-jar (w 
backward and forward through a greater spaa^ 
in the former ; in otiier ivords, that the ampUtuii 
its vibrations is greater. The intensity, or loudnta, 
sound, tlien, depends upon the amplitude of the v 
tions of the sounding body. 

14S. The Intensity of Sound diminishes as 
Square of the Distance of the Sounding Body 
creases. — If we place a bell ten yards off, and fi 
bells of tlie same size twenty yards ofT, v 
that the sound of the one bel! will be just equal to fi 
of the four bells. At the distance of tliirty yards, u 
bells would he necessary to produce a sound equal 
that of the one bell at ten yards. Sound, then, din 
ishes in intensity as the square of the distance J 
the sounding body increases. 

149. Speaking-Tubes. — If the sound is preveiri 
from spreading in all directions, it loses little of 
intensity. Thus Eiot found that, through one of I 
■water-pipes of Paris, words spoken in a very low t« 
could be heard three-quarters of a mile ofT. The di 
of the pipe kept the sound from spreading. Convw 
tion can be carried on between distant parts of a Iw 
building by means of small tubes, called s^aAia 
tubes. "■ 

150. Sound travels through the Air at the Hait ; 
1,090 I^cel a Second. — The velocity of sound \ 
been several times determined by experiment. In i8a 
the French Board of Longitude chose two heights ne 



SOUND* 103 

Paris, and from the top of each fired a cannon at inter- 
vals ot ten minutes during the night. The time between 
seeing the flash and hearing the report was carefully 
noted at both stations, and tlie average of tlie results 
showed that sound travels through the air at the rate of 
1,090 feet a second. In such experiments, the time 
taken by the light to pass between the stations is too 
small to be perceived. 

151. The Velocity of Sound in Water is about 4,700 
Peet a Second, — This was determined at the Lake of 
Geneva, in 1826, by Colladon and Sturm. They found 
that, when a bell was struck under water on one side of 

\ the lake, the sound could be distinctly heard at a distance 
f of nine miles on the other side by putting the ear to one 
end of a tube whose other end was in the water. It was 
thus found that the velocity of sound in water is about 
\)]Qofeet a second. 

152. Sound travels through Solids faster than 
through Air, — It is found by the experiment with the 
u*on rail mentioned above (146) that the velocity of 
sound in a solid body is greater than in the air, 

153. Sound is reflected on meeting a new Medium, 
■^Experiments show that when sound meets a new 
niedium, it is reflected ; and that, as in reflected motion 
(102), the angle of reflection is equal to the angle of 
incidence, 

154. Echoes, — When there is a sufficient interval 
between the direct and the reflected sound, we hear the 
ktter as an echo. The reflected sound has the same 
Velocity as the direct sound, so that the echo of a pistol- 
8hot from the face of a cliff 1,090 feet distant is heard 
two seconds afler the explosion. 

An echo in Woodstock Park repeats seventeen syllables 
by day, and twenty by night ; one on the banks of the 
Lago del Lupo, above the fall of Temi, repeats fifteen. 



In the whispering gallery- of St. Paul's, flie ^intest sou 
is conveyed from one side of tlie dome to the other, but 
not heard at any point between. At Carisbrook Castl 
in the Isle of Wight, is a well, 210 feet deep and 13 wid 
lined with smooth masonry. When a pin is dropped 
the weU, it is distinctly heard to strike the water. 

In some cases, the sound is reflected several times, 
a succession of echoes is heard, each feebler than the 
ceding, since a part of the sound is lost at each reflectioi 

Sounds arc also reflected from the clouds. When tl 
sky is clear, the report of a cannon on an open plain 
short and sharp ; while a cloud is sufBcient to produce > 
echo like the rolling of distant tliunder. A feeble ecb 
also occurs -when sound passes from one mass of ait 
another of different density. 



SUMMARY. 

Sound originates in a vibrating body. (143.) 

It is not propagated through a vacuum. (144.) 

It is propagated through all elastic substances, whethc 

gases, liquids, or solids, by vibrations of their molecule) 

(145, 146.) 
Its intensity increases with the amplitude of the vil 

tions, and diminishes as the square of the distance froi 

the sounding body increases. (147, 14S.) 

The velocity of sound in air is 1,090 feet a se 

(150.) 

The velocity of sound in ■water is about 4,700 feeH 
second. Its velocity in solids is greater than in the oi^ 

(151. 152-) 4 

On meeting a different medium, sound is reflected- 

(■53-) II 

Echoes are due to reflected sound, (154.) ( 



JpIusical sounds. 

155. Difference bet-ween Noise and Musical Sounds. 
In Figure 93, we have an inBtmment called ihsgyro- 

>e, consisting mainly of a heavy brass ring d surroui 

a disk which rests upon 
steel axis. To this axis 

&filened a small toothed \^ 
id M^ If a card c be 
Hd against the edge of tlie 
1 when it is spinning 
ipidly, a very shrill miisi- 
ll eound is produced : as 
e speed is checked some- 
hat, the sound becomes 

* shrill. The more the 

:ed is diminished, the less 
rill the sound becomes, 
itil finally we hear the 
parate taps of the teeth 
isinst the card. 

We see, then, that when. 

r taps are sufficiently 
t^uent, they blend so as 
'produce one contiguous ' *^^"~ 

r a musical sound, as it is culled. 
In fliis experiment, the card is made to vibrate by strik- 
Jflie teeth of the wheel ; and, as the teeth are at equal 
tanccs, the vibrations follow one another at equal inter- 
A musical sound, tlien, is one in which the vibra- 
WW recur at regular intervals. If they do not recur 
l^gular intervals, the sound is called a noise. 
156, The Pitch of Musical Sounds. — Wc have seen 
M, tile faster the wheel turns, and the more rapid the 

rations of the card, the sliriller is the sound, or the 




higher its fitch. Hence the pilch of musical sounds 
depends on the rapidity of the vibrations. 

In musical sounds, as in all other sounds, the tottdnets 
depends upon the amplitude of the vibrations. 

157. The Tuning-Fork. — The tuning-fork (FigwSB 
93} consists of a bar of steel bent into the form of tte 




letter U, and alt;ichcil to ;i Ktaiidard. A 5 is a wooden 
case open at both ends, by which the intensity of ftie 
sound produced by the fork is increased. The fork fflBf 
be set vibrating by striking it, or by draiving h vii 
bow across it. The elasticity of the steel causes ii 
prongs to vibrate regularly, and thus to give Miti 
musical sound. 1 

15S. The Siren. — The siren (Figure 94) is an « 
slrumerit for producing musical sounds, and at ti 
same time registering the numder of vibrations. 13 
disk d e\% pierced with holes, and is made to rotate 
blowing into the tube t. As it rotates, the holes 1 
alternately opened and closed, so that the air esca] 
from the cylinder in a regular succession of puffs, givi 
rise to vibrations, whicli produce a musical sound. 

The number of times the disk rotates is register 



tlie apparatus shown in. tlie upper part of the figure. 
. tbe axis of the disk is an endless screw s (133), 
ich carries a pair of toothed wheels. These are con- 
;ted with pointers y 

Dying over dial- ^ 

tes on the front of 
instrument. The 
jps m, n, o, p, are 
I to open or close 
different sets of 

159. TAe Jiaie at 
hie A a Sounding 
ody vibrates may be 
■tertniiied by means 
'the S re —If e 

1 r nto the s rcn 

a bello vs the 

5 niade to ro 

Iter and faster a 1 

e p tch of the sound 

joduced r ses 1 gher 

h gher as the 
tee of the bl st n 

i In th s wa 

•en may be n ade 
produce a sound of 
i same fitch as that 
a tuning-fork, or 
any other sounding 

dy; and, by means of the registering apparatus, 
e number of vibrations in a second may be ascer' 
ined. 

160. The Oclave. — A sound is the octave of another 
it is produced by vibrations tvnce as rapid. 




J 



l6i. The Sonometer.— Tha sonometer {sound meat- 1 
urer), shown in Figure 95, consists of the sounding-board 1 
M N, above wliich tlie string B B' is stretched upon 




two movable bridges by means of the weight W. It a, 
used to illustrate the laws of the vibrations i^stringsA 

162. The Rapidity -with which a String vibrates u 
inversely as its Length. — Cause the string B B" t 
vibrate by pulling it to one side, or drawing a boWS 
across it, and notice the pitch of the sound. Place oocl 
of the movable bridges at the centre of the string, so as! 
to divide it into two equal parts, and cause either part I 
to vibrate. The sound will be the octave (i6o) of the ■ 
one given out by the whole string. The half of a 
then, vibrates twice as fast as the whole string) when tl 
tension (or the tightness with which it is stretched) r 
mains the same. In the same way, it can be prove 
that one-third of a string vibrates thrice as fast as t 
whole ; and so on. While the string is equally stretchet 
the rapidity of its vibrations is inversely as i 

163. The J^ormation of Nodes. — If we hold 2 feath 
against the centre of the wire of the sonometer (Fig 
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d paper be placed across tlie middle of one part of the 
ring, and the other part be made to vibrate wliile the 
fether is still held at the centre, the rider is thrown oil"; 
flowing that both halves of the string vibrate. These 
[brating halves are separated by a node, or stationary 
^int^ formed where the feather touches the string. 
* Hold now the feather one-third of the way from the 
d of the wire (Figure 97), and place a blue rider on 



n the above experiment. Some of these^ 
[ forms are shown in Figure gg. 




i may be formed in a similar way in b 
ler sounding bodies. 

es or Harmonics. — It is found that, i 
sounding body is made to vibrate as a whole, ] 
i at the same time vibrate in parts ; sc 
ttinff body never gives out a simple tone. 

n out by a string, or otlier body, as a whole, \ 
Tb fundamental note; the higher tones product 
ions of the parts are called ha; 
The tone produced by the halves of j) 
1 called the first harmonic ; that produced I 
a string, the second harnionic ; 



1 66. Quality. — In every vibrating string, a great 
number of these higher tones are produced, whjdi, 
mingling with the fundamental tone, give rise to whU 
is called the quality of the sound. It is ttiis union of 
high and low tones which enables us to distinguish one 
musical instrument from another. A flute and 
though tuned to the same fundamental note, do not 
give the same sound. Tlie overtones of the one 
diflerent from those of the other; and the 
formed by these and the fimdamental note are thi 
different. 

167, — Musical Sounds are transmitted through' 
Liquids and Solids. — In Figure 100, M is a lonf '^ 

Fig. ,00. tube tilled witli water» 

which is placed between 
the tuning-fork I^ ani^ 
the sounding-box A ~ 
If the fork be set vibn 
ing in the air away irOBti 
the tube, it can scarce^ 
be heard ; but if the fi» 
of it be placed upon, fli 
ivater in the tube, it cU 
be heard as distinctly a 
when it is placed upn 
the sound ing-bo3c. In bofl 
cases, the box is the lefl 
sounding body, and is a 
vibrating by means of tl 
tuning-fork. Musical v 
brations, then, are t 
mitted tlu'ough the wate 

in the tube. Similar experiments prove that they 1 

transmitted through all liquids. 
By using a rod of wood in place of the tube, it n; 
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shown that musical sound ts transmitted through 
is as well as through liquids and gases.* 
)8. Sympathetic Vibrations, — Place two tuning- 
s which sound the same note, mounted on their 
;s, upon the table, 18 inches apart, and draw the bow 
•rously across one of them. If now we stop the 
ited fork, the sound is weakened, but by no means 
iched. The vibrations conveyed through the air 
through the wood have been taken up by the un- 
hed ybrhj and it is this fork which we now hear, 
.ch a bit of wax to one of the forks, and sound it 
n ; the veiy slight change in the rate of vibration has 
royed the sympathy between the two forks, and no 
onse is now possible. Remove the wax, and the un- 
hed fork responds as before, f 

\n experiment first tried by Wheatstone and repeated by 
lall is very striking. A piano was placed in a room under- 
1 the lecture-room, separated from the latter by two floors. 
lUgh the two floors passed a tin tube 2h inches in diameter, 
a wooden rod inside of it, the end of which projected into 
ecture-room. The rod was clasped by India-rubber bands 
h completely closed the tube. The lower end of the rod 
d upon the sounding-board of the piano. The piano was 
idf and no sound was heard in the lecture-room ; but when 
lin was placed against the end of the rod, it became musi- 
lot with the vibrations of its own strings, but with those of 
>iano. On taking away the violin, the music ceased; but 
1 a guitar was put in its place, the sounds were heard 
1;- and also when a sounding-box was substituted for 
^itar. The end of the rod was then placed against the 
ding-board of a harp, and every note of the piano was 
iduced as before. 

I ordinary music-box may be used instead of the piano in 
experiment. 

The vibrations may be communicated through the air alone. 
f one knows that a piano-string is sometimes set vibrating 
i the note of the string is sounded by the voice or a flute, 
at the other end of the room. 

8 
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JV^en a body is thus Ihrtnon into vibration hy 
neighbor, its vibrations are said to be sympathetic, 

169, Ttvo Sounds may Interfere so as to destroy tt 
other and produce Silence. — Tliere are certain p( 
tions in which the sotind of one prong of a tuning^ita 
■wholly destroyed by that of the oUicr. These poaitii; 
are easily found by making the fork vibrate, and A 
turning it round before the ear. When tlie back or fi 
side of a prong is parallel to tlie ear, the sound is hea 
Avhen the corner of a prong is held toward the ear, a 
sound is utterly destroyed, 

This case of interference^ as it is called, may be n 
dered more striking by means of a resonant jar (180 
In Figure loi, the jar Is of sucli a length as to r 




powerfully to the fork. Rotate the fork above the mout 
of the jar. When the back or sides of the prongs 60 
the jar, a loud sound is obtained ; but when the com 
of the fork face tlie jar, there is no sound. 

When the comer of the fork is over tiie jar, slide^^ 
pasteboard tube over one prong so as to cut off its vib| 
tions, and the jar begins to resound. 



soxmD. 115 

170. Beats. — K two tuning-forks which vibrate nearly 
, the same rate be made to sound together, the sound, 
istead of being continuous, rises and /alls in quick 
tccession^ producing what are called beats. 
Beats are thus produced whenever two musical sounds 
f nearly the same fitch are uttered together^ and the 
mmher of beats fer second is always equal to the dif' 
'trence between the two rates of vibration. 

171. Combination of Musical Sounds, — Take two 
uning-fbrks, each of which gives 256 vibrations in a 
&econd, and set them vibrating. The two musical sounds 
Bow together in a perfectly blended stream, and produce 
what is called unison. In this case, the ratio of the 
vibrations is 1:1. 

Take now two forks, one of which makes 256 vibra- 
tions a second, and the other 512. For every vibration 
sent to the ear by the one fork, two vibrations are sent 
l)y the other, and the two notes blend harmoniously. 

This combination, as we have seen, is called an octave 
(160) ; and the ratio of the vibrations is 1:2. 

Take another pair of forks, which give 256 and 384 
vibrations in a second. The combination of the two 
sounds is very pleasing to the ear, but the consonance is 
hardly so perfect as in the case of the octave. The ratio 
of the vibrations is 2:3. This is the most pleasing-com- 
bination next to the octave, and is called 2i fifth. ' " 

If we take two forks whose vibrations are in the ratio 
3: 4) the interval is called 9i fourth. This combination 
is still agreeable, but not quite so agreeable as tlie fifth. 

Thus, then, with perfect unison the ratio of the 
^hrations is i : i ; with a note and its octave it is i : 2 ; 
with a note and its fifth it is 2 : 3 ; and with a note and 
its fourth it is 3 : 4. The combination of two notes is 
the more pleasing to the ear^ the smaller the two nur'' 
^s which express the ratio of their vibrations. 



ratio 4 : 5, or a major third apart; the hsnwmjrl 
prrfect than in any of tlic cases which we hsvcctul 
With the ratio 5 : 6, or that of a minor third^^'Ki 
I less perfect still ; and we now approach a limrit bl 
whid) » musical ear will not tolerate tile cotuWul 
two sounds. If, for example, we sound together WO 
whose vibrations are in the ratio of i^ : 14. thai I 
nation is altogether discordant. 

An agreeahle combination of two I 
cA^rd; a disagreeable one, a discord, \ 
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ViTicn the vibrations of a sounding body b 

regular interxals and often enough, they give T 

, musieal sound. In a noise, the vibratioas foUon 

I other at inrs^iular intervals. (155.) I 

The pitch of the sound increases with the n 

I Ihe vibrations. By means of the siren, we nil 

tltin the number of vibrations answering to a 

pitch. ("56' '59) 

$|j."ngs, plates, and all sounding bodies may \ 

..~*i separated by nodes. (163. 164.) 

Sounding bodies always vibrate in parts, givii 

I evtrtones or Aarmonics; and the blending of thi 

tions gives to the soimd its quality. (165, 166.I 

Musical sounds are transmitted through solidl 

and gases. (16;.) 1 

A vibrating body may throw anotlier body int 

\ thctic vibration. (t68.) 

Two musical sounds may inlei^ere a 
I silence. (!%■) 
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hen two musical sounds of nearly the same pitch are 
ded together, beats are produced, (170.) 
Iflien the combination of two notes is agreeable, they 
n a chord ; when it is disagreeable, a discord. The 
the ratio of the vibrations of two notes, Uie 
! agreeable the chord which they form. (171.) 



MUSICAL INSTRUMENTS. 

STRINGED INSTRUMENTS. 

'.'Jt. Stringed Instruments. — In strittged instru- 

ats the sounds are produced by the vibrations of 

imgs or wires. 

[73. Sounding-Boards. — Some kind of a soiinding- 

ird is necessary in all stringed instruments. 

[| is not the chords of a piano, or harp, or violin, 

tt throw the air into sonorous vibrations. It is the 

gc surfaces connected with tlie strings, and the air 

closed by these surfaces. The merit of such instru- 

nls depends mainly upon the quality and arrange- 

'■Ht of their sounding-boards. 

174. Laws of the Vibration of Strings. — The first 
f of the vibration of strings has already been found 
il), and is stated thus ; The rapidity of the vibra- 
M is inversely as the length of the string. 

175. The Rapidity -with -which a String vibrates 
Irits as the Square Root of the Weight vjhich 

fehes it. — If a string be stretched on the sonome- 

(161) with a weight of one pound and made to 

tihnte, a note of a certain pitch is obtained. If the 

teight be made four pounds, the pitch will be raised 



ii8 



an octave; if sixteen pounds, tt will be raised anotl«r 
octave ; and so on. The rapidity of the vHrafha^ 
then, varies as the square root of the -weight by vUA 
the string is stretched. 

176, The Rapidity with -which a String riifsM 
varies inversely as its Thickness, — If strings of ft 
same material, but of different thickness, be stretche 
by equal weights, the thiclier strings will give the lowe 
notes. If one string is just twice as tliick as anothe 
its note will be an octave lower. Otlier things bdt 
equal, the rapidity of the vibrations of a string vt 
inversely as its thickness. 

177. The Rapidity ivith -which a String vibrait 
is inversely as the Square Root of its Density. ~ 
platinum and an iron 'wire of the same length and tbidt 
nessbe stretched by equal weights, they will not give no* 
of the same pitch. It isfoundthat Me^(VcA o/"MertM 
rises as the square root of the density dimtniskes. 

The last two laws, taken together, may be stated ft* 
The rapidity -with -which strings vibrate is tttveni 
proportional to the square root of their -weight. * 

In one class of stringed Instruments, like the 1 
violoncello, and guitar, notes of a great variety 
pitch are obtained from a few strings by fingerii 
the strings, so as to change their length. In anotii 
class, like the harp and piano-forte, many strings ari 
used, varying in length and thickness, each of -wMekA 
gives but one note. \ 



SUMMARY. 



Musical sounds may be produced by the vibratiom fj 
stiings, but a sounding-board is necesaary to make tl , _ 
audible. (172, 173.) ^ 



ions ffl 
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iFB of vibrating strings are three in number : — 

;C rapidity with wliicli a string vibrates varies 

as its length. 

e rapidity with which a string vibrates varies 

uare root of tlie weight which stretches it. 

e rapidity with which a string vibrates is in- 

I the square root of its weight. 

! stringed instruments many notes are produced 

)tiings ; in others, there are as many strings as 

aotes given. (174-17;?.) 



^^■WIND INSTRUMENTS. 

ne'T-ongitudinal Vibrations of Rods free at 

, — A smooth wooden or metallic rod, with 

J ends fixed in a vice, yields a musical note 

rbed with resined leather. The rod lengthens 

ens in quick succession, or, in other words, is 

ito longitudinai vibration. The pitch of the 

'eases as the length of the rod diminishes. 

32 shows a musical instrument whose notes 

uced by the longitudinal Fig. ,<«. 

1 of wooden rods of dif- 

igths. 

Ongiiudinal Vibrations of 

le at both JS«(&. — Clasp ' 

ass tube at its centre w 

, and rub a wet cloth o' 

ts halves with the other. 

il sound is produced. A 

IS rod of the same length 

I the same note. In this 

centre of the tube, or rod, 

(163), and the two halves 



iV'^a/i 




Chen and shorten in quick 
r 103, a ^ is a brass rod held at its 




and an ivory ball hung by two strings fro 
1 pointe m and « rests agatjist the end b of the ro< 
I drawing a piece of resined leather gently over t 
near a, we throw it into longi 
vibrations. The centre s is at n 
the motion of the ivory ball shoi 
the end i is in a state of tremor, 
the rod more briskly, and its vib 
become more intense, and tlie 
is thrown off violently wh 
it comes in contact with the 1 
the rod. 

If a long glass tube be held 
centre, and one-half of it be ; 
briskly with a wet cloth, the 
upon the glass, caused by the 
tudinal vibrations, may be suffic 
shiver the other end, as shown i 
104. 
180. Resonance. — When a I 
; is detached from the sounding-box, and ra 
f Vibrate, it can hardly be heard. Let, now, the i 




socxo. 

r a gla»« jar A B (Figui* 105), rnant 18 i 
t the sound is sdll very fiuot Ke^ Ifae fcdc ' 
position, and ^ 

with the 
tDseible noise into 
As the col- 
' air under the 
s shorter, 
becomes 
\ and when the 
\ has reached a 
1 level, it hiiTSts 
irith great power. 

jar, and the 
:oine5 weaker 
kker, until it is 
as at (iffit 
^ tiie water care- 
p out, and we reach 
»int where the sound 
einforced again. In this ww, we find tful Uerr 
uve particular length ef lAe ea/umm mf air vkieA 
|t» the fork above it lo give tkt lamdtjt fiMn'iU 
mi. This reiKforcefMCHt of umnd ii CAbd rtm- 

lie columns become shorter m the Arin ribnto 




" Most trsvellers in SwitKiland hm nodenS tbc 4 
id produced \>y the Tall of the Reuu al Hie DeriTt TTr^jB 
noiie of the foil it rsued br monatiEe to Uw latMHJtj 
The lounil heard when ■ hollow kfccll ia jilmil 
aM of resonucc. ChilAn think Ikrf 
kit the tound of the aea. The Mri»e m icall^ ihM W 
Kircement of the feeble KKindi witb wUcb 4 
nraded. The ciuAail of th« < 




tM BOtTKD. 

i8i. A Column of Air may he tnade to % 
bio-Ming across the End of a Tube. — Select c 
Slid two tuning-forks to which they will resound. 
both forks vibrate, and hold tliem both over one 
the jars. Only one of them is heard. Hold them b( 
over the other jar, and the other fork alone i 
If twenty forks were held over either of these jars, 
would select and reinforce the sound of the one to whi 
it naturally resounds. 

Blow, now, across the open mouth of this 6ame j 
or across the mouth of a glass tube of the same leD| 
as the jar, and % of an inch in diameter (Figure lO 
Fig, 106. -A- fluttering of the air, a mere medley of vl 
tions, is thus produced at the mouth of 
tube. The tube selects the set of vibratioi 
or pulse, to which it can resound, and 
inforces it so that it becomes a musical sou 
The sound is the same as tiiat produced 
the proper tuning-fork held over the tul 
Tlie column of air in the tube has, in 
made its own tuning-fork; for it has i 
the air blown across the tube vibrate in 
son with itself. 

On blowing across the mouth of a tube 
any length, a tnusical sound is produced 1 
aclly like that obtained -when the proper tuning-Ja. 
is held over the tube. 

1S2. The Rate of Vibration of a Column of Air 
a Tube is inversely proportional to its Length. — Ti 
three tubes, 6, 3, and \\ inches long, and blow ( 



Etj. When a poker is held bv two strings, i 
;n the fingers of the hands holding the poker are th 
> the ears, on striking the poker against a piece of n 
Dund is heard as deep and sonorous as that of a cathei 
'■— Tjmdall. 
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a the mouth of each, so as to bring out its fiinda- 

aental note (165). The note of the 3-inch tube will 

U the octave of the note of the 6-inch tube, and that 

i the i)-inch tube the octave of that of the 3-inch 

In other words, He rate of vibration is tn- 

vsely proportional to the length of the tube. 

83. Vibratiotis in Open Tubes. — The tubes w^liich 

e been used thus far have been dosed at one end. 

ih tubes are called stopped tubes, Wc will next 

mine the vibrations of tubes open at both ends, or 

« tubes. If we take a stopped tube and an open 

e of the same length, and biow gently across the 

) of each so as to get its fundamental note, we 

d the note of the latter an octave higher than that of 

Fig. .07- I'*- ■°'- 



^ 



sir 

chf 

^^ slit 

1 
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the former. An open tiSe always yields tAt 
tie note g^ven iy a stopped tube of the same ii 
[84. Organ-Pipes. — Organ-pipes are nothing 
in resonant tubes. There are various ^ays of 
the air at tlie mouth of such tubes, so at 
columns of air within them into vibrations. 
1 of organ-pipes, this is done by blowing 
:t of air against a sharp edge. This prodi 
flutter, some pulse (181) of which is converted 
musical sound by the resonance of the air in tkt 
Figures 107 and loS represent open organ-pipes, 
sir passes from the bellows through tlie tube P 
chamber, which is closed at the top except the r 
•lit »'. The air compressed in the chamber 
■tiirough this sttt in a thin sheet, which breaks 1 
■tiie sharp edge a, and there produces a flutter. 
between the edge a and the slit below U 
le mouth of the pipe. 
In a stopped organ-pipe, the upper end is 




Instead of producing a 
at the mouth of the 
by a blast of air, wt 
get the same efTect bj 
ing at the mouth of th 
(Figure 109) a tunin 
whose vibrations are i 
son with those of the 
Select several pipes of 
ent lengths, and tunin} 
in unison with each, 
ning with the longest 
make the fork of lowes' 
vibrate near its mouth, 
pipe speaks loudly. Bl 
to the same pipe ; iu 1 



y die aamc as when the fork was Ticld at its mouth. 
each pipe in the same way, and the note which 
' give§ when blown into is ex;ictl,v tlial given when 
' £*»*opt'r fork is at its mouth. If all the forks are held 
*we same time at the mouth of any one of the pipcsi 
pipe win select and reinforce the sound of but one. 
^^^ also the current of air striking against the sharp 
Ptet edge of the mouth of the pipe gives rise to a 
^^*l variety of pulses, from which the pipe selects tad 

" 'orces but one. 

• i<fli5. Jteed Pipes. — A column of air may be made to 

'btate by means of a spring of metal, or wood, called 

^fxd. The metal reed commonly used in organ-pipes 

Vtvra. in Figure no. It consists of a long and flexi- 




lie strip of metal, V V, placed in an opening through 
vhich the air enters the pipe. As soon as the air 
egins to enter t!ie pipe, the force of tlie blast bends 
jwn the spring of the reed so as to close the opening, 
he elasticity of the reed causes it to fly back at once, 
> as to open the pipe and allow the air to enter again. 
thus breaks up the current of air into a regular suc- 
sssion of little puffs. 

The action of the reed may be illustrated by a com- 
lon straw. With a penknife raise a strip of the straw 
knot, as shown at rr" in Figure iii. This strip 



serves as a reed, and the straw as a pipe. Blow into 
it, and it gives a musical note. 

Fig. I,.. 

In tlie horn, trumpet, and similar instruments, the 1^ 
of the player take the place of the reed. 

i86. Thvo Classes of Wind Instruments. — In 
class of wind instruments, as the flute and fife, a singL 
column of air is made to give a great nuntber ofnetel^ 
tlie length of the column being varied by keys. In an* 
other class, as tlie organ, there is a pipe for every note. 



SUMMARY. 

Longitudinal vibrations may be illustrated by means ' 
rods free at one end or at both ends. (rjS, 179.) 

The sound of a tuning-fork is reinforced when it 1 
brates over the moutJi of a jar of air of a certain depth. 
This reinforcement of sound is called resonance. (180.J 

Jars and tubes may be made resonant by blowing acrosi 
their open mouths, and give the same note as when mad( 
to resound by a tuning-fork. The shorter the column 
air, the faster it vibrates. (iSi, 1S2.) 

An open tube gives a note which is the octave of 1 
closed tube of tlie same length. (1S3.) 

Oi^an-pipes are resonant tubes. When open at 
ends, they are called open pipes ; when closed at one 
stopped pipes. 

One kind of organ-pipe is made to resound by blonjvii^ 
a thin sheet of air against a sharp edge at its moul' 

(■84.) 

A column of air may be made to vibrate by meand 
a reed. The trumpet and many other wind instrumei 
are reed-pipes. (185.) 



SOUNDING FLAMES. 

I Friction is always Rhyth- 
tWheo we draw a bow across 
ig, or nib a wet finger round 
gc of a glass, a musical sound 
Huced, showing that the fric- 
AB becD broken up into rhyth- 

P' es. Close the lower end of 
AB (Figure iiz) with a 
|ic plate, pierced by a round 
!rhose diameter is equal to the 
less of the plate. Plug the 
(uid fill the tube with water, 
tee the plug, and, as the water 
in the tube, a very sweet musi- 
te is given out by the liquid 
ii. This note is due to the in- 
tent flow of the water through 
de, by which the column above 
|Wn into vibrations. The same j 
littence is observed in tlie der 
{ which rolls in rhythmic rings 

^e funnel of a steamboat. A rifie-ba!l sings aa I 
tea through the air. " The whispering pines " owo j 
Knusic to the rubbing of the wind against their I 

tand foliage. The whistling of the ' 
uced by the rhythmic friction of the ai] 
|e blow gently against a candle-flame, tlie fluttering I 
Oinnounces a rhythmic action. We have learned^ I 
[that a pipe will select a pulse from a flutter, and J 
t by resonance to a musical sound. In like manner, 1 
L« of a flame may be converted into a musical j 




This is done by enclosing the flame 



I ibis IS c 



1 tube. 



i88- Setisitive Flames within Tubes. — Place a 
12 inches long over a amall gas-flame, so that the f 
shall be about an inch and a half from the bottom of the 
tube. If the note to which tlie tube would resgund be 
Bounded at some distance, the flame is seen to tremble. 
Lower the tube, so that the flame shall be about thri 
inches from the bottom, and the flame begins to tin 
Somewhere between these two points we may find 
point where the flame will burn silently ; but if ii.\ 
excited by the voice, it will sin^, and keep on singing- 

Flames which are thus affected by musical sounds 
called sensitive flames. 



SUMMARY. 

Friction is always rhythmic. 

When a gas-flame is surrounded by a tube, the air in 
passing over it is made to vibrate, and mu^cal si 
are produced. A silent flame witliin a tube may ba 
made to sing by sounding the note of the tube ne 
(1S7, 188.) 

~ THE HUMAN VOICE AND EAR. 

189. The Organ of Voice is a Reed Instrument.— 

The oigan of voice in man is situated at the top of diS 
windpipe, or trachea, which is the tube through -whia 
the air is bltrjin from the lungs. A pair of elas 
bands, called the vocal chords, stretched across the t 
of the windpipe, so as nearly to close it, form a dout 
reed. When the air is forced from the lungs throu|^ 
the slit between these chords, they are made to vibratei 
By changes in their tension, their rate of vibration ij 
varied, and the sound raised or lowered in pitch. Th( 
cavity 0/ the mouth and nose acts as a resonant tube. 



! action of the vocal cliords may be imitated by 
means of india-rubber bands. 
If the open end of a glass 
tube (Ftgii re 113) be closed 
by two strips of india-rubber, 
leaving a slit between them, 
and the air be blown tlirough 
this slit, the strips are thrown ■ 
into vibration, and a musical 5 
sound is produced, 
r Human Ear. — The external opening ( 




r (Figure 114) is closed at the bottom by a mem- 
, called the tympanum. Behind this is tlie cavity 
i die drum of the ear. This is separated fi-om 
iace between it and the brain by a bony partition, 
:h there are two openings, the one round and 
;r oval. These also are closed by delicate ina 

Across the cavity of the dnjm stretches a 
little bones ; tlie first, called the hamme*^ path ; 
to Ac tyracianum : the second, c»Ued "isllt linp.es. 
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is connected by a joint with tiie hammer ; a third little 
round bone connects the anvil with tlie stirrvp bsnt^ 
which has its oval base planted against the membniiu 
of the oval opening. Behind tlie bony partition is the 
labyrinth, which is filled with water, and over the linii^ 
of which tlie fibres of tlie auditory nerve are spread 
The tympanum receives tlie vibrations of the £ 
transmits them througli the series of bones to the n 
brane which separates the drum from the labyrin&i 
and thence to tlie liquid witliin tlie labyrinth, which 
transmits tliem to tlie nerves. The nerve transmits the 
impression to the brain and thus to the mine 

191. The Range of the Human Ear.~-T\sxxt 
must be at least 16 vibrations in a second, in ai^st^ 
that they may be heard as a continuous sound (iS5)j 
and the sound ceases to be audible when 1" 
tions reach 38,000 in a second. Starting with 16 anj 
multiplying continually by 3, we find that the i\% 
octave will have 32,768 vibrations. Thus the entin, 
range of the human ear extends to about 11 octavts,. 
The practical range of musical sounds is about J t 
taves, or from 40 to 4,000 vibrations in a second. 



SimMARY. 



;ed instrument, ttx I 



The organ of voice in ma 
vocal chords forming the reed, (1S9.) 

The human ear consists of three parts: the ^ter j 
ear, the drum, and the labyrinth. The sonorous vifara- 1 
■Ltions are first intercepted by the tympanum, then tain»- 
Bv ci^ '" '^'^ ^"^^ '" '^^ labyrinth, by which ^xsf are 
. j" 'inicated to the auditory nerve, (igo.) 
.. ' ^'ange of human hearing embraces about f 




PROPAGATION OF LIGHT. ^^^^H 

lADIATION, REFLECTION, AND REFRACTION. '^^^| 

|3. A Luminous Body sends out Light in Evefj^^^^k 
action. — A body in which light is developed ^^^^H 
id a luminous body. All other bodies are said to be 1 
■luminous. If a lighted lamp is placed in the middle 1 

room, it illumines every part of the room ; showing | 

the light proceeds from the luminous body in evef^^^H 

body through which light passes, as air and gla4l^^^^| 
idled transparent. Other bodies are called opa^ue/^^^% 
93. Light travels through Space in Straight 
IM.— If a room be darkened, and the sunlight be 
wed to eater through a small hole in the sliutter, it 

illumine the floating particles of dust in the air 


^H^l 




^telgh which it passes, so that we can trace its path j ■ 1 
Hi ID every case we find that it moves in a straight \iru«^^- 1 



An opaque body placed before ft luminous one culs 0/ 
tie light from Ike space i/ekind it, producing a. ikadim, 

If tile luminous body 5" (Figure 1 15) is a mere point, 
the body Mw'M cast a well-defined sUadow G Jf upon 
tlie screen P^. 

If tlie luminous body SI, (Figure 116) is not a mem 
point, the shadow cast by J/Wwill have an indifUiid. 




outline. The dark central portion G //of the shadow 
is called the umbra; the less dark outer portion is called 
the penumbra. Umbra is the Latin word for shadow, 
while penumbra means almost a shadow. 

Since a luminous hody gives out light in every din 
Hon in straight lines, it ia said to radiate light. 
single line of light ia called a ray. A collection of 
is called a pencil. If the rays are parallel, it is a pai 
allel pencil, or a beam; \i the rays diverge, it is a diva'' 
gent pencil ; if they converge, a convergent pencil. 

194. The Velocity 0/ Light is about \^,ooo Afiles ■ 
Second. — Light moves so fast that it seems to require n 
time at all to pass over any distance on the earth. Il 
velocity was first determined by Roemer, a Danish ai 
tronomer, in 1675, by observing the eclipses of Jupiter^ 
moons. Jupiter, like the earth, is a planet which revotva 
about the sun, but at a much greater distance than th 
earth. He is accompanied by four moons, which 
*'" -^hpsed when they pass into his shadow; and the pr| 



Tie when these eclipses occur can be calculated by 
trononiers. Rocmcr found that the eclipses did not 
Iways take place at the computed time, but appeared 
bout sixteen minutes later when the earth was farthest 
Jupiter than when she was nearest to him. He 
therefore concluded that it takes light sixteen minutes to 
traverse the difference of these distances, which is about 
183,000,000 miles. Its velocity, tlien, would be about 
1^,000 miles a second, and this agrees very nearly with 
s velocity as determined by wholly different methods. 
195. TAe Intensity of Light diminishes as the 
Stfuar* of the Distance frotn the Luminous Body 
vicrtases. — In Figure iiy, the disk C ^ is held half- 




■way between the luminous point L and the screen A B. 
31 the disk be held parallel to the screen, the diameter of 
Bie shadow on the screen will be twice that of tlie disk, 
»iid its surface will be four times tliat of the disk. The 
laisk receives all the light that the space covered by the 

KiadoW would receive if the disk were removed. The 
ght on the disk must then be four times as intense as 
tfiat upon the screen. If the disk be held one-third of 
ftie way between L and the screen, the shadow^ will cover 
jl surface nine times that of tiie disk, and the intensity of 
; light on the disk will be nine times as great as that 
on the screen ; and so on. The intensity of the light, 
m, diminishes as the square of the distance increases. 




196. Reflection and Refraclion. — If a my of sun- 
light be made to fall upon a looking-glass in a darkened 
, it will be seen to be thrown back, or re/teeted^ 
from the glass. 

e of glass cut iato the form sliowti m Figure 118 
is called a prism. 
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If a ray of light, a ^, be allowed to foil obliquely upon 
one side of such a prism, as shown in Figure 119, a part 
of the light is reflected in the direction 6 c, and another 
part, h d, enters the prism. The part which enters the 
prism is bent from the direction of the original ray. 
When this part meets the air at tlie opposite side of the 
prism, a part of it is again reflected in tlie direction dtt 
and a part passes into the air, taking a different direc- 
tion, (/y, from that which it had while in tlie prism. 

We see, then, that when light travelling in the air 
meets the glass, it is partly reflected and pardy trans- 
mitted ; and that when light travelling in the glass meets 
the air again, it is also partly reflected and pardy trans* 
mitted. In both cases, the transmitted portion is turned' 
aside Jrom its course. Light thus turned aside is said, 
to be refracted. 

In general, -when light meets a transparent medium 
different from tliat which it has been traversing, it is 
Partly rejected and partly transmitted. The trans- 
mitted portion, -when it enters the medium obliquely, is 
refracted. 



'97- The Latt) of Reflection. — In Figure i30, we 
tiave a mirror L fastened at right angles to the rod » 




tuTDtng upon a pivot at «. As the mirror is turned 
to the right or left, tlie rod passes over the graduated arc 
^i. If a ray of light be allowed to fall upon tlie mirror 
W the direction of tlie dotted line a n, it will be reflected 

the direction of the line n 6; and it will be seen that 
H>e angle a n m\s equal to the angle bnm. The former 
I called the angle of incidence, and tlie latter the angle 
reflection. If tlie mirror be turned, the direction of 
reflected ray changes in such a way that the angle of 
teidenee always equals the angle of refection. This 

known as tlie la-w of refection, 

198. Diffused Light. — Since non-lnminous bodies 

; not visible in the dark, but become visible when light 
lis upon them, they must send to our eyes some of the 
ght they receive. This light must be sent out in every 
'rection, since we can see them as well from one posi- 
in as another. The light which they flius throw off is 
ad to be diffused. It is this diffused light which ena- 
cts us to see the body itself; while reflected light 
wiles us to see another body in it. The most perfectly 
dished mirror does not reflect all the light it receives. 
dilluseB s portion, so tliat we see the mirror as well as 

objects reflected in it. 




I3<i uairr. 

199. The Law of Refraction. — 
Wbeo a r;iy of light passes obliquely 
from air into water, it is bent towards 
a perpendicular dravjn to the sur- 
face of the water. Thus the ray a b 
(Figure 121) is bent towards the per- 
pendicular C(/, and takes the direction 
b e after passing into the water. This 
is found to be always true tohen the 
light passes from a rarer to a denser \ 
medium. U7ien it passes fro. 
denser to a rarer medium, it is bent a-aiay frottt a per- 
pendicular drawn to the surface of the latter medium, 
Fig, i)i. It 'S owing to refraction that a Stick 

placed obliquely in the ■\vater appears 
bent, as in Figure 122, Each part of 
the stick in the water appears to be 
I lifted up a little by refraction. 

300. Total Rejection. — When a raf 
if light passes from a denser to a taref . 
' medium, as from water into air, the angle 
of refraction is greater than the angle of incidence (i99). 
Hence when light passes through water from 5 to 
(Figure 123), there is always a value of the 
incidence SOB such that the an- p,j, , 

gle of refraction A O R \s a. right I 
angle. In this case, the ray cannot 
pass from the water into the air. 
If the incident angle be made 
any larger, the light is thro-xn 
bach in the direction of ^, and is 
said to be totally refected. 

30I. Mirage. — In hot climates, 
especially on the Sahara in Africa, the ground has often ' 
the appearance of a tranquil lake. 





m 

icted houses and trees. This is caused by total re- 
The layers of air near the ground are more 
, JUid therefore less dense titan those higher up. 
r of light, then, coming from A (Figure 124) 18 



round more and more as it passes down throi 
jccessive layers until it reaches the point O^ wht 
angle of incidence becomes such that it is totally 
scted, and reaches the eye as if it came from B. 
same will be true of light coming from other parts 
le tree, so tliat the tree will appear inverted, as if 
Eted in water. This phenonlenon is called mirage, 
often deludes the thirsty traveller on the desert 
the appearance of water which vanishes as he 
rs' near it. 

form o^ mirage is often seen on the water. 
18 case, the layers of air near tlie water are colder 
oore dense than those above, so that the rays of 
passing upward Irom an object are bent round 
And more, until at last they are totally reflecti 
muard to the eye of the obsei-ver, who thus 
object inverted in the air. 



ctf4^^ 

I 
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903. Path of Rays through a Medium ■a.'Uh ParaUi 
J-aces. — When light passes through a medium vdt 
parallel faces, as a pane of common window-glass, ^ 
rays leave this medium at the same angle at tokit 
they entered it. Since the ray in passing into the a 
is bent away from the perpendicular just as much 1 
it was bent towards it in passing into the glasSf t! 
ray leaves the glass at the same angle at wliich it « 
tered it ; and its direction, therefore, is imchanged. 
303. Path of Pays through uTV/ow.— InFigure I J 
Pig. „;. the ray of light O D an pat 

ing into tlie prism A B C & 
bent towards a perpendicubl 
I drawn to tlie surface at Di- 
On passing out into tlie bII 
again, it is bent away Irom 1 
perpendicular drawn to nl* 
surface at K. We see, then, 
that a ray 0/ light in passing through a pri 
bent twice in the same direction; provided it 
neither face at right angles. 



NUMMARY. 

A luminous body gives out light in every directioOi 
which passes through space in straight lines, 

A single line of light is called a ray; and a collection 
of rays, a beam., or pencil. (193, 193.) 

The velocity of light is about 190,000 miles a eecond- 
(■94-) 

The intensity of light diminishes as the square of the 
distance increases. (i95') 

When light falls on a transparent medium difTerenS 
from that in which it is moving, it is partially reflect 




irtiaUy transmitted. The transmitted portio 

the medium obliquely, is refracted. (196, ■( 



angle of reflection equals the angle of incidence. , 

bodies difiuse light, and it is by means of this J 

light that we see them. (19S.) 
■meeting a rarer medium at a certain angle, light J 
lly reflected- (300,) 

ge, and other atmospheric phenomena of the ' 

ire caused by total reflection, (zoi.) 

O a ray passes through a medium with parallel J 
it comes out with its direction unchanged. (302,) I 

passing through a prism, a ray is usually bentn 
in the same direction. (203.} 

VERSION, ABSORPTION, INTERFERENCE. AND 
POLARIZATION. 

, 73c Solar Spectrum. — Allow a beam of sun- 
SA (Figure iz6) to pass through a small opening 




p darkened room, and fall upon the prism F 

\ be placed at the proper angle, the beam ofi 



14D uam, 

light is not only bent from itB course, but is spread I 
out so as to form a. long band of light on the oppositt " 
wall. This band is not white, like ordinary simliglit, 
but made up of the seven colors of the rainbow, violii, 
indigo, blue, green, yellow, orange, and red. 
colored band is called the solar spectrum, and tiie 
colors are often called the prismatic colors. 

This spreading out of a 6eam o/" light ia i 
dispersion; and the power of any substance to pro- 
duce this effect is called its dispersive piywer. 
dispersive power of a substance is not in proportiaH 
to its refractive power. Thus the refractive poff^ 
of flint-glass is almost the same as that of crown-|^ 
but its dispersive power is nearly double. 

205. Achromatic Prism. — By combining a flint-^M 
prism CDF (Figure 127), with a crown-glass pris( 
Fig. 117. C Ji JF, the dispersive powers 

the latter may be neutralized, wll 
out wholly neutralizing its refrad 
e power. The prism CD J^A 
order to have the same dispt 
power as C B P, need be ( 
I half as thick as the latter; 
tlie edges B C and P D are still inclined as though 
were sides of the larger prism A B F. 

Such a combination of prisms is called an aehromai 
{colorless) prism, since light passes through it •withoi 
being separated into the prismatic colors. 

ao6. The Prismatic Colors are Simple. — If all tl| 
colors of the spectrum except one be cut off by a screa 
and tliat one be made to fall on a second prism (Figul 
138), it will he again refracted, but ivill not be separate 
into different colors. These colors, then, are simple. 

307. The Prismatic Colors are unequally Refran^ 
hie. — The position of the colors in the spectrum shoi 




^^ 



L-fcey are not equally refracted. The red is leasts 
\the violet most refracted. 




The Composition of White Light. —These ex- 
bents witli the prism seem to show that "white light 
simple-, but made up of the seven prismatic 

. same may be shown by mixing these colors in the ' I 

T This can be done by painting them in the propcf- 1 
portions upon a circular disk (Figure 129) and mak- 

[ Fie. .;n. F^. .30. 




W8 disk whirl rapidly, us shown in Figure 131 
Moa of each color remains in the eye while t 



tint j 
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disk turns completely round, so that the seven are Mendei 
into one, and tlie disk appears while. 

If wc mix two or more of these colors, we get a 
different fixim any one of them. Thus red and yelW 
produce orange ; blue and red, purple ; and so on. 
fact, all the varied colors we see are formed by tl 
mixture of the prismatic colors. 

It is probable that white light is made up oi only Ikr 
simple colors; for if red, g'reen., avd blue be mixedi 
color is obtiiined which cannot be distinguished fro 
white. Moreover, all the other prismatic colors canl 
formed by mixing these three. 

According to some authorities, red, yellorwy and H^ 
are the three simple colors ; but it has been shown 
no mixture of these will produce all the prismatic 

If the spectrum be divided into any two parts, 
the colors in each part he mixed, they will form whi 
are called complementary colors ; that is, one ivill 
lain -what the other needs to make white light. 

aog. Absorption of Light. — If light be made to 
through a piece of colored glass, and then to fall upon! 
prism, the spectrum will be wanting in certain col< 
If red glass is used, the spectrum will contain little 
sides red tight ; if blue or green glass is used, the sf 
trum will be rich in blue or green, and deficient in lathf 
colors. A part of the light is retained in the gla 
and is said to be absorbed by it. All transparent bodi 
absorb a portion of the light which falls upon them. 
they absorb all colors equally, they appear colorless! 
they absorb some colors more than others, their col 
will be complementary to what they thus absorb (208)4 

3IO. The Color of Bodies. — Opaque bodies, as wi 
as transparent ones, absorb light. Hence, when whi 
light is falling upon non-luminous bodies, they do not i 
appear of the same color. They are really sifting ti 
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which they receive, absorbing a part and reflecting, 
ing, or transmitting the rest. Their color depends 
the light vihick they reflect or diffuse. Thus a 
^vhich absorbs all the prismatic colors except. red 
i red ; one which absorbs all except green appears 
and so on. 

Bodies sometimes trattstnit a color different from tiiat 
rich they reflect, and appear of a different color ac 
Wding as they are seen by transmitted or reflected 
^gkt. Gold appears yellow by reflected light, and green 
transmitted light, as may be seen by holding a piece 
gold-leaf between the eye and the sunshine. 
■II. Two Rays of Light may Interfere so as to 
tstroy each other. — If a slightly ctirved piece of glass 
pressed down upon a flat plate of glass (Figure 131), 
riored rings are formed around the centre (Figure 132). 
If any homogeneous ^.^^ ^^^ 
light (that is, light of 

fthe rings are red and separated by 
spaces. If violet light be used, the 
are violet and smaller. As we pass 
the violet end of the spectrum to tlie red end, the 
rings grow larger and broader. Hence, when white light 
IB used, we get seven sets of rings, which somewhat over- 
lap one another. This explains why there are several 
colors in each ring. The dark rings are caused by the 
interference of the rays of light which are reflected from 
the lower surface of the upper glass and the upper sur- 
face of the lower glass. Hence two rays of light, hke 
two sounds (169), may interfere so as to destroy each 
Other. These colored rings are seen in soap-bubbles, and 
Kail cases where there are two reflecting surfaces very 
r each other. They are known as Newton's rings, 
» he was the first to study them. 



J 



312. Diffraction Fringes. — Let a beam of sunlight 
fall upon a small glass lens * in a darkened room. The 
light will be concentrated into a point a little way irom 
the lens, and will then diverge from it in a lumiooui 
cone, and may be received upon a screen. Place aoy 
small opaque body within this cone of light, so that it 
may cast a shadow upon the screen. This shadow, i» 
stead of being sharply defined, as we should expect (193)1 
is somewhat larger than it should be. and is surrouttiti 
by three colored fringes. If homogeneous light (stl) 
is used, instead of the fringes we get bright rings sep* 
rated by dark spaces, the breadth of the rings varyfcg 
with the color of the light When white light is usedj 
these different sets of colored rings blend so as to producf; 
the fringes. 

If the opaque body is long and very narrow, as a 
or a very thin strip of card, besides the colored fHr^a 
already described, others are seen within the Bhadov, 
parallel to its length, and arranged on the two Btdes 
a central white line. 

When light is transmitted through a very narrow sUly 
the fringes become even more curious and complicated. 
These fringes are called diffraction /ringea, asA ■ 
caused by interference. 

213. Double Refraction of Light. — Figure 133 np 

resents a crystal of Iceland spar (crystallized carbonaW 

F«, 133. of lime). A crjstal of 

Lpe is called a rhomb. H 
i six faces, w^htch are equal 
I parallelograms. If now a ray 
I of light be allowed to fall OB 
I one face of this crystal ia a 
' darkened room, it will bo 

• The focal length of the lens should be about an inch> 




iiiily refracted, or divided into U\-o rays. One of these 
fys conforms to the. law of ordinary refraction (199), 
is therefore called the ordinary ray. The other ray 
1 not conform to this law. It is therefore called the 
traordinary ray. Since the opposite faces of the crys- 
,are parallel (zoz), tlie ordinary and extraordinary rays 
het^ parallel to the incident ray and to each other, but 
;ar together. If, however, the crystal he cut into 
e form of a prism, the ordinary and extraordinary rays, 
ber leaving tiie prism, will diverge, so diat Fig, 134, 
may easily examine them separately. 
1 a prism may be rendered sufficiently 
diromatic by combining with it a second 
of glass, whose dispersive power (zc4, 
5) is different from that of the crystal. 
Is prism is usually mounted as shown in FJg- 
134- 

14. 7he Ordinary and Extraordinary Rays are 
\ Polarized. — Let a beam of ordinary light fall on a 
puble-refracting prism, cut off the extraordinary ray by 
Kreen, and let the ordinary ray fall on a second similar 
If this second prism be turned round, we find 
[>o&ition in ■which the ray is refracted singly and ordi- 
trily, and another position in which it is refracted 
\gly but extraordinarily. Half-way between these 
1 positions, it will be doubly refracted. 
If the ordinary ray be cut off, and the extraordinary 
' be allowed to fiiU on the second prism, it will be 
gly or doubly refracted when the prism has been 
med round 90° from the position in which the ordinary 

s singly or doubly refracted. 
|ln this way, we find that neither of the doubly refracted 
ys is the same on the right and the left as it is above 
below ; in other words, both rays have acquired 
w. In this respect, they differ from a ray of ordi- 
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nary light, which is doubly refracted in every poMtion 
of the prism, and is tlierefore the same on alJ sides. 

Light -which has thus acquired sides is satd to- be 
folarixed. The corresponding sides of the two rayi 
are at right angles to each other; in other words, tkt 
extraordinary ray is Hie the ordinary ray tumeS 
round through 90°. 



SUMMARY. 

In passing through a prism, a beam of white light il 
dispersed, and forms a spectrum of seven colors. Since 
different substances disperse light differently, two prism* 
may be combined so as to form an achromatic prisia. 
(304, 205.) 

Prismatic colors are simple and unequally refrangible. 
(306, Z07.) 

The blending of the seven prismatic colors produces ; 
white light. 

It is probable that there are but three simple colors, 
red, green, and blue. 

Two colors, whose mixture will produce white tightr 
are said to be complementary. (208.) 

Different bodies absorb light of different colors. B 
is the sifting of the rays of light by absorption whici 
gives bodies their color. (209, 2to.) 

Soap-bubbles and other thin films, when exposed tCl 
light, exhibit colored rings. These rings are alwaj^ 
seen when light is reflected from two surfaces aep* 
rated by a very small interval ; and they are caused 
by interference, (zii.) i 

When small bodies are seen in divergent light, thq| 
appear surrounded by colored fringes, called diffraction 
fringes. These are caused by interference. (212.) ' 

Wien a ray of light passes through a crystal of Ic# 



-*"'^'^ 
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l&nd spar, it is doubly refracted; one of the refracted 
rays being called tiie ordinary, and the other the «*• 
^aordinary ray. (313.) 

Both the doubly refracted rays have acquired sides, 
md are said to be polarized. Their corresponding 
Bides are at right angles to each other. (zi4>) 



OPTICAL INSTRUMENTS. 

LENSES. 

215. Forms of Lenses. — Lenses are pieces of glass, 

• olher transparent substance bounded on one or 

both sides by a curved surface The forms of lenses 

in optical instruments are shown in Figure 135 




A Is bounded by two spherical aurfices, and is called a 
double-convex iens S has t spheni.il suffice on one 
side, and a plane surface on the othei, and is called 
a plano-conjex lens C has a conve\ surface on one 
»ide, and a "ihgiitlv conca\e surface on the other, and 
is called a meniscus, from t Greek word meaning a 
crescent. D has two concive surfaces and is c-illed 
■a double-concaje lens M has a concave and a plane 
iSur&ce, and is called a plano-concaze lens F his a 
concave surface on one side and a slighdy convex sur- 
■ &ce on the other, and is called a concavo-convex lens. 
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216. Convex Ltnses cause Parallel Hays to Convergf, 
Concave Lenses cause them to Diverge. — Allows beam 
of sunli{rlit to fall upon a double-convex lens in a dark- 
ened room. On leaving the lens, the rays •will convert 
to a point, called the focus (the Latin word for fir^ 
flaee), since the heat as well as the light is concen- 
trated there. This action of the lens upon the light 
will be understood from Figure 136. It will be seen 

Fig. .36. 

that tlie lens is somewhat like two prisms placed back 
to back ; and it will be remembered that a ray of lightt 
in passing through a prism (196), is bent twice in tiic 
same direction. The rays falling upon the upper part 
of the lens will be bent downward, and those falling 
on the lower part will be bent upward, and they will 
all meet at .F. If a plano-convex lens, or a meniscuSi 
be used, the results will be similar. 

Parallel rays are made to meet at the yocus of a 
convex lens. If, on the other hand, the raya diverge 

from the foots, they will become parallel on passing 
through the lens. If they diverge from a -point nearer 
the lens than the focus is, they will be so divergent 
on entering the lens that they will not be made parallel 
on leaving it, but merely less divergent. If they diverge 

from a point farther off than the focus, they will be 
GO little divergent that they will become convergent on 
leaving the lens. 

If, however, we use any one of the concave lenses. 



t will be ibund that the rays 
niging, are made to diverge, 



of light. 




a leaving the lens ; as shown \ 
||d Figure 137. 

Since tlie convex lenses all | 
sause -parallel rays to con- 
Verge., they are called converg- 
\iKg lenses ; while the concave I 
■lenses are called diverging lenses, 
mfarallel rays to diverge, 

31^. Images formed by Lenses. — Place a lighted 

I candle before a douhle-convex lens in a darkened room, 

I and a screen behind it At a certain distance irom the 

lens, a distinct inverted image of the candle will be 

, formed upon the screen. Move the candle nearer the 

lens, and the image will become blurred, but will be- 

I come distinct again on moving the screen farther from 

the lens. If the candle be moved away from the lens, 

' the image becomes blurred ; but it becomes distinct 

again ivhen the screen is brought nearer the lens. The 

I nearer the candle is to the lens, the larger the image 

The more convex the lens used, tie nearer the candle 
must 6e brought to it, and the larger the image. 




Instead of using a more convex lens, %'.-e may add a 
Mnd convex lens, with the same efiect. 
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An image is formed behind a lens because the rays 
which diverge from every point of an object are maiM 
to converge, on passing through tlie lens, so as to meet. 
at corresponding points behind the lens ; as shown ia 
Figure 13S. The image is always included between 
lines drawn from the extremities of tlie object through 
the centre of the lens. 



SUMMARY. 

There are two classes of lenses. One class causei 

parallel rays to converge, and the other causes them to 
diverge- (215, 3i6.) 

When objects are placed in front of a convei^i!^ 
lens, images of them are formed at its focus behind K 

The magnitude of the image increases with its di»- 
tauce from the lens, and also witli the convexity of the 
lens. (31 7-) 



3iS. 7%e Camera Obscura. — If a converging lens 
placed before an opening in the shutter of a darkened- 
room, a small and beautiful picture of the landscape' 
will be seen upon a screen placed a short distance be- 
hind the lens. An arrangement of this kind is called] 
a camera obscura (Latin for a dark chamber). 

Figure 139 represents tlie camera used by photog-j 
raphers. C is a dark chamber ; E is the screen of ground 
glass upon which the image is received; .^ is a tube] 
containing the combination of lenses used to form diW 
image. This camera can be adjusted to objects at dif: 
ferent distances by changing the position of the screeiM 
or of the lenses (which may be moved by the screw D\ 
or both. 



219- The Bye is a Camera. — The eyeball is com- 
posed, in the first place, of a tough, 6rm, spherical case. 




Sd (Figure 140). The greater part of this case is 
white and opaque, and is called the sclerotic coat, or 




parent and more convex, and is called the cornea, Cn. 
This case of the eye is kept in shape by being filled 
with fluids called tlie humors. The aqueous humotj 
Aq, fills the corneal chamber ; and the vitreous humoTi 
Vt, tlie sclerotic chamber. Between tliese chambers i* 
the double-convex crystalline lens. Cry, which is denser, 
and has a greater refractive power than either humor.' 
The choroid coal, CA, is of a dark color and highly vas- 
cular (that is, yull of vessels), and it lines the whole 
inner chamber of the eye. At tlie front part of the 
chamber, its inner surface becomes raised into ridges, 
called the ciliary processes, C. f. 

The iris, Ir, is a curtain with a round hole in thff 
middle called the pupil. The iris has two sets of 
muscular fibres, by the action of which the pupil is 
enlarged or contracted. It gives the color to the eyef 
and hence its name, iris being the Latin for rainbow. 

The optic nerve. Op, enters the back of tlie eye a Ut- | 
tie way from the centre towards the nose. It then spreads ' 
out over the choroid coat, forming the retina, Rt. ' * 

The ej-eball is thus seen to be a camera obscura. ' 

In an ordinary camera, a screen, or diaphragm, i^ 
used to moderate the light, and to cut off all the ra^ 
except those which Jail on the central part o/" /lii 
lens. In the eye, the iris ads as a diaphragm, and 
has the advantage of being self-regulating. It dilated 
the pupil and admits more light when the illumlnatiod 
Is too weak ; it contracts the pupil, and cuts off a pari 
of the light when there is too much of it. ' 

330. The Adjustment of the Eye. — lh&X. the eya 
must adjust itself in order to see distincUy at difTerenl 
distances, may be shown by a very simple experiment 
Stick two stout needles into a piece of wood, so thai 
one of tliem shall be about six inches from the eye. 
and the other about twelve, very nearly in the saiolj 



direction. If now you look at one needle, you vrill 

!fee it distinctly and without the least sense of effort; 

but the image of the otlier will be blurred. Try now 
( make this blurred image distinct, and you find that 
Du can do it, but not without eflbrt. In proportion as 
ne image becomes distinct, the other becomes blurred, 

and HO effort -will enable you to see both distinctly at 



, and a little to 

I looking into the 

: diree images of 

imea, one from die 

, and one from its 

s eye be steadily 



the 

When a lighted taper is held nei 
one side of a person's eye, any one, 
1 from the proper position, will s 
the 6ame ; one reflected from the cc 
front surface of the crystalline lens 
r surface. Suppose, now, the per 
fixed on a distant object, and then adjusted to a 

ne in the same direction. The position of the eyeball, 

f course, remains the same. It is also found that the 
images reflected from the cornea and from the rear 

pufrtce of the lens, remain unchanged ; while the image 

eflected from tiie front surface of the lens changes its 

osition and its size pig, ,„, 

B such a way as 

b show that this 

prface has been 

rought forward , 

id at the same 

me made 
~_ convex. The eye then adjusts itself to different dis- 
tinces by altering the convexity of the crystalline lens. 

IThls change in die form of the lens is shown in Figure 
141. The half .4 shows the form of the lena when the 
I eye is adjusted for distant objects ; and the half £■, when 
b is adjusted for near objects. 
221. Tlie Structure of the Retina. — Y\^y^ H^ rep- 
resents a portion of the retina highly magnified, since 
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Fw '*■■ the whole thickness of this n 

does not exceed ^'j of an inch. Natl 

to die choroid coat it consists of 1 1 

great number of minute rod-like and I 

conical bodies, *t, arranged side by I 

side. This is die layer of rods anil 

cones. The fibres t>i die optic nerve I 

are all spread out between b and d 

At the entrance of the optic nerve, 

the nerve fibres predominate, and the 

rods and cones are wanting. Exactly 

at the centre of the back of the eye, 

there is a slight circular depression 

of a yellowish hue, called tlie macula 

lutea, or yellow spot. In this q»t) 

the cones are abundant without t 

rods and nerve fibres. 

32Z. The Action oj' Light on the Optic Nerve. — 7S» 
Jibres of the optic nerve are in themselves as blind a 
any other part of the body. To prove this, we have 
only to close the left eye and with tlie right look steadi^ | 
at the cross on this page, holding the book ten or twelve 
inches from the eye. The black dot will be seen quite 

1^ • 

plainly as well as the cross. Now move tbe book 
slowly towards the eye, which should be kept fixed o& 
the cross. At a certain distance the dot will suddenly 
disappear; but on bringing the book still nearer it wiS 
come into view again. Now it is found, that, whett 
the dot disappears its image falls exactly upon the poiitt 
■where the optic nerve enters t?tc eye, and ■where theTQ 
are no rods and cones, but merely nerve fibres. Agairi^ 
the yellow spot is the most sensitive part of the retina, 
though it contains no nerve fibres. 



LIGHT. I5S 

\ It would appear, then, that iAe optic nerve is not 

iireci/v affected by lights but only through the rods 

These remarkable bodies are like so many 

iager-points, endowed with a touch delicate enough to 

Eel the impulses of light and communicate the impres- 

i to the optic nerve. 

223. The Sensation of Light may be excited by Other 

t. — The sensation of light may be excited by 

wy thing which can excite the optic nerve. Thus an 

\ electric shock sent through the eye causes an apparent 

I flash of light. If die finger be pressed on one side of 

\ tile eyeball, a luminous image is seen. In the same 

i blow on tlie head may make one " see stars." 

The Duration of the Impression on the Retina. 

-The impression made by light on the retina does not 

(ase the instant the light is removed, but lasts about the 

mtghth of a second. If the impressions are separated by 

s interval, they appear continuous. Thus, if a stick 

with ft spark of fire at the end be whirled round rapidly, 

it gives the impression of a circle of light. The spokes 

of a wheel in rapid motion cannot be distinguished. 

The optical toy called the thaumatrope illustrates the 
same principle. One form of it, known as the zoetrope, 
consists (Figure 143) of a cylindrical _. 

paper box turning on an upright a> 
Near the top of the box is a row of I 
upright slits. The successive positions 
which a moving body assumes are re 
resented in order upon a strip of f 
per ; and this paper is put within t 
box, ■which is then whirled round ra 
idly. If we look at the pictures through the slits, 
they come before die eye one after another, and the 
I ^impression of each picture lasts till the next ar- 
rives, so that they all blend into one, and the object 




appears to be really going through the evolutions repre- 
sented. 

225. Irradiation. — A -white or very bright objiti 
seen against a black ground appears larger than it 
really is; while a Mack object on a luhile ground ap- 
pears smaller than it really is. The two circles given 
in Figure 144 illustrate this. The black one and the 



Fig. 1. 

n 




size, but the former 



white one are of just the 
appears to be the smaller. 

This effect is called irradiation. It arises from the 
fact that the impression produced by a bright object em 
the retina extends beyond the outline of the image. 

We have a marked case of irradiation in tlie new 
moon, which seems much larger than tlie old one which, 
it is said to " hold in its arras." 

236. The Sensibility of the Retina is easily exr 
hausled. — When we look at a bright light, and thei| 
turn the eye towards a moderately lighted surface, a dart 
spot is seen ; showing that the part of the retina on 
which the bright light fell has lost for the moment itS' 
sensibility, or become blind. If the bright object be o() 
one color, tlie part of the retina on which its image falUt 
becomes insensible to rays of that color, but not to thoss; 
of other colors. If a red wafer be stuck upon a sheet of 
white paper, and viewed steadily for some time with one 
eye, and then the eye be turned to another part of the 
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paper, a greenish spot ■will a^ipear of the size and shape 
of the wafer. The red image has made the rdtina blind 
to red light, but it has left it sensitive to the remaining 
colors which make up white light (208) ; and when red 
is taken from white light the combination of the other 
colors gives a greenish hue. If the wafer is green, the 
Spot seen vnll bo red, 

227. Color-BUndncss. — In eorae persons the retina 
appears to be affected in one and the same -way by 
different colors, or even by all colors. The most com- 
mon form of this color-blindness, as it is called, is an 
inablli^ to distinguish red and green. Thus to many 
persons the leaves of the cherry-tree and its fniit seem 
of the same color. In some cases, persons who were 

ilor-blind witliout being aware of it, and who have 
employed on railways, have mistaken the color 
of signal-lights, and serious accidents have been the 
result. 

blindness may arise cither from a deject in the 
retina, or from some peculiarity in the absorptive 
•ers of the humors of the eye. 

228, The Optical Axis and the Visual Angle. — A 
draivn from the centre of the yellow spot through 

)hc centre of the pupil \s called the optical axis. When 
look at any object we must turn the eye so as to 
irect this axis toward it. This gives us the direction 
the object. 

The image of an object on the retina is contained 
•.tteeen lines drawn from the extremities of the object 
(gh the centre of the crystalline lens (217). The 
tgle contained between lines thus drawn is called the 
isual angle of tlie object, and of course measures the 
■ngth of the image on the retina. All objects which 
; same visual angle form images of tlie same 
:th on the retina. 



129* tf'*^ ""^ estimate the Sht of a Body. — The I 
visual angle evidently gives us no information as to the 

real siie of a body ; for we see firom Figure 145 that Iht 





visual angle of a body diminishes as its distance i 
creases., and also that bodies at different distances may 
have the same visual angle, though they are not of the 
same size. Thus A B and -A! B' are the same object, 
but A' B' which is fartlier off has the smaller visual 
angle. Again C D and A' B' have the same visual 
angle, but A' B' is the larger. 

Hence, ive must hno-w the distance of a body in order 
to estimate its size; but -when we know this distanct 
■we estimate its size instinctively. Thus a chair at the 
otiier side of tlic room has a visual angle only half ai 
large as that of a chair half as far from the eye, yet we 
cannot make it seem smaller if we try. If w 
any way deceived as to the distance of an object, tut 
are also deceived as to its size. 

230. How we estimate the Distance of an Object. — 
If we refer to Figure 146, we see that when the eyes are . 
directed to a distant object, as C, they are turned inward I 
but slightly; while tliey are turned inward considerably- | 
when directed to the nearer object D. The muscular ' 
effort ■we have to make in turning the eyes inward so as 
to direct them upon an object is one of the best methods 
we have of estimating its distance. 

We also judge of the distance of an object from ih^A 
distinctness with •which we see it. The more ojascun 
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it is, the more distant it seems. It is for this reason that 
objects seeii in a fog sometimes appear enormously large. 
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They appear indistinct, and we cannot rid ourselves of 
the impression that they are far off; and hence they seem 
large, though they may really be small and near us. 

When we know the real size of an object we judge of 
its distance from the visual angle; \>\!lX tue judge of the 
distance of unkntrwn objects mainly by comparing it 
•with the distance of known objects. This is one reason 
why the moon appears lai^er near the horizon than over- 
head, though she is really nearer in the latter case. 
When she is on the horizon we see that she is beyond 
■11 the objects on the earth in that direction, and there- 
fore she seems farther off than when overhead, where 
fliere are no intervening objects to help us to judge of 
the distance. 

331. Why Bodies near us appear Solid, — Hold any 
■olid object, as a book, about a foot from the eyes, and 
look at it first with one eye and then with the other. It 
will be seen that the two images of the object are not 
exactly alike. With the right eye we can see a little 
more of the right side of the object, and with the left 
eye a little more of its left side. It seems to be 
ilending of these two pictures which causes objects t 
^pear solid. 
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332- "^'^ Stereoscope. — The principle just stated ex- 
plains the action i)f tlie stereoscope. Two photographs 
f,^ ,^j of an object are taken from 

;litly different points of view, 
I so as to obtain pictures like those 
formed in the two eyes. These 
I photographs are placed before 
the eyes in such a manner that 
each eye sees only one., but both 
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The pictures (Figui 
placed at A and S. 
of light from them ft 
lenses m and n, anc 
through tliem are bent 
[hey enter the eye as if they 
came from the direction C. The 
I lenses are portions of a double- 
convex letis, arranged as shown iu the figure, 

233. 77te Laws of Distinct Vision. — To see an ob- 
ject distinctly, a clear image of it must he Jormed on 
the retina. When an object is brought quite near the 
eye, it becomes indistinct ; showing that there is a limit 
to the power which tlie eye has (220) of adjustit^ itself 
for ditTerent distances. The rays are now so divergent 
that t!ic lens cannot bring them to a focus on the retina. 
The nearest point at ivhich a distinct image is/ormei} 
upon the retina is called the near point of vision, a.a'^ 
the greatest distance at -uikich such an im^age isjormeix 
is called the far point. In perfectly formed eyes, th9) 
near point is about 3^ inches from the eye, and the faCi 
point is infinitely distant. In such eyes, parallel rays arej 
brought to a focus exactly at the retina when the eye ift 
at rest ; that is, when tiie crystalline lens is of its natural 
convexity. The pupil of the eye is so small that the raytE 



ich fall upon it from objects i8 or 20 inches distant 

srge so little that they may be regarded as parallel. 

« distance of the near and Jar points, however, is 
the same for all eyes. In some cases, the near point 

considerably less than 3^ inches from the eye, while 
far point is only 8 or 10 inchts. In other cases, the 
r point is 12 inches from the eye, and tlie far point 
litely distant. The former are called near-sighted 
i ; the latter, far-sighted ones. 

It was once thought that near-sightedness was due to 
too great convexity of the cornea or the crystalline 
B, or of botli, and far-sightedness to the too slight 
ivexity of the same. But actual meusurement lias 

fown that their real cause lies in the shape of the 

'eball, luhich in far-sighted people is fattened, and 
near-sighted people elongated, in the direction of 
I axis. In Figure 14S, the curve jV" shows tlie form 




tte normal, or perfect eye ; iV, of tlie far-sighted eye ; 
d N", of the near-sighted eye. The eye .is represented 
■ at rest, and wc see that the parallel rays A and A 
fc brought to a focus on the retina of the normal eye, 
iile only the convergent rays A' and A' are brought to 
on the retina of the far-sighted eye, and only the 
Fergent rays A" on the retina of the near-sighted eye. 
" then is the far point for the near-sighted eye, since 
liens has aow its least convexity; and tliis point must 
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ba within iS or 20 inches, since the rays from M 0I 
farther off are virtually parallel and cannot be brought, 
to a focus on the retina. The near point must Ik te 
than for the normal eye, since the retina is farther froiil 
tiie lens, and tlierefore rays of greater divergence cinb«[ 
brought to a focus upon it. In the far-sighted eye, the 
retina is nearer the lens tlian in the normal eye ; heace 
the near point is farther away. While, then, the nortnil 
e\'e sees distant objects distinctly without adjustment, tin 
far-sighted eye must adjust itself to see tliem. 

The defect oi far-sighted eyes can be in great n: 
ure remedied by -wearing convex glasses, which htlf it 
bring the rays to a focus on the retina^ and tiM 
diminish the distance of the near point. The defcd 
of near-sighted eyes can be remedied by the use ofati 
cave glasses, vjhicA render parallel rays disergtiit\ 
and thus increase the distance of the far poitd. 

Thcjirst laiv of distinct vision, then, is that a disiimi 
image of the object must be formed on the retina. 

Again, it is well known that, as evening approaches 
objects become indistinct. Here, of course, the inii 
on the retina js distinct, but it is not brilliant enoi 
to produce the proper efiect upon the optic nerve. 

The second law of distinct vision, then, is that tkt \ 
image must be sufficiently illuminated. 

Again, some objects are so small tliat they cannot b« j 
seen, however much they may be illumined. Here tl 
image is too minute to affect the optic 1 

The third law of distinct vision, then, is that i 
image must be of sufficient magnitude, 

234. Old Eyes. — As the eye grows old It loses its 
power of adjustment, the crystalline lena becoming leSl 
elastic. Hence old eyes can see distinctly only disti 
objects. This, however, is quite a different thing frm 
far-sightedness. In die far-sighted eye, there is no h 
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rer to change the convexity of the lens, but this 
becomes useless because of the distance of the 

; defect of vision caused by age can be remedied 
use of convex glasses. 



SUMMARY. 

camera ohscura is an apparatus by which an 
of an object can be formed on a screen in a dark- 
hamber. (218.) 

eye is a camera obscura. (219.) 
eye adjusts itself to light of varying intensity by 
y the size of the pupil. (219.) 
Ijusts itself to various distances by changing the 
ity of the crystalline lens. (220.) 
of tic nerve is blind. 

light acts upon the rods and cones,, which trans- 
; impression to the optic nerve. (222.) 
thing which excites the optic nerve produces the 
on of light. (223.) 

impression on the retina lasts a short time after 
ect which produced it has been removed. (224.) 
impression of a bright object extends beyond the 
giving rise to irradiation. (225.) 
sensitiveness of the retina for any color is readily 
ted. (226.) 

judge of the direction of an object by the direc- 
the axis of the eye when turned towards it. 
visual angle of an object depends on its size and 
e. (228.) 

judge of the size and distance of an object by 
of its visual angle, the direction of the optical 
nd the distinctness of the image. (229, 230.) 
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Near bodies seem soii'd, because the images in tiw 
two eyes are not exactly alike. (331.) 

The stereoscope causes pictures on a plane surface B 
appear solid. (333.) 

In order that vision may be distinct, a distinct image 
must be formed on the retina, the image must be suffi- 
ciently illuminated, and must have sufficient magnitude- 
Perfect eyes can adjust themselves to any distance fftn 
3 J inches to infinity. Near-sighted eyes can adjust them- 
selves only to short distances, and far-sighted eyes only 
to long distances. (233.) 

Eyes lose their power of adjustment as tliey grow old. 
(234-) 

Near-sightedness and far-sightedness are due to defec- 
tive forms of the eyeball. These defects and that cause* 
by age can be partially remedied by the use of glasses. 
(233. 234-) 

THE MICROSCOPE AND THE TELESCOPE. 

235. Tie Simple Microscope. — We have seen (333) 
that an object must form upon the retina an image of a " 
certain magnitude, in order to be distinctly seen. Now 
the magnitude of the image may be increased indefi- 
nitely by bringing the object nearer the eye ; but wheaTj 
it is brought too near, the eye is not able to bring t 
raj'8 from it to a focus on the retina. We may acconf] 
plish this, however, by the aid of a convex lens. Such « I 
lens is the simplest form of a microscope. 
a microscope (from two Greek words meaning to j 
small things') because it enables us to see it 
smaller than the unaided eye can distinguish, 
more convex tlie lens, the nearer can the object 1 
brought to the eye, and the larger will be the i 
on the retina. 
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Jjfi. The Compound Microscope. — In Figure 149. w 
re what is called a compound microscope. M is 






A B '\% axi object placed near it. An enlarged 
age of ^ ^ is formed at a d, and this image is viewed 
Jiugh tlie lens .A'', in the same way tjiat an object is 
iWed with the single lens of a simple microscope. 
The lens 3/ is called the object-glass or the objective; 
I JV, the eye-piece. The latter is usually a combina- 

of two lenses. 
Ve have seen {zi6) that a convex lens causes the rays 
ling through it to meet at a focus. In reality, how- 
', thisjacus is not exactly the same for all the rays. 
<se falling near the margin of the lens meet a little 
\er than those falling upon its centre., causing what 
ailed aberration. The more convex the lens, the 
ter tlie aberration, and the less distinct the image. 
is aberration can be diminished by diminishing the 
f of the lens, so that all the rays must fall near its 
Itre. Hence the objective of a compound microscope, 
jch is a very convergent lens, is made very small. 
Fhe magnifying povier of a microscope is commonly 
diameters. If it makes the breadth of the 
Bct appear 50 times as great as it really Is, it is said 
lagnify 50 diameters. Of course the surface of tb-- i 
;t is Increased as the square of its diameter; o D 
case 2,500 times. The moat powerful coi^^g ^^e 



r scopes magnify 1,500 diameters, 
course, there is no more light 1 
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I iistriments. Tlie magnifying- is chiefly done hy the 

We have seen that light is dispersed when passing 
[iirough a prism (204) ; and tliat a double-convex lens 
I somewhat like two prisms placed back t 
Bck (215). Such a lens therefore disperses 
e light which passes dirough it, giving r 
b colored fringes round the image. This c 
fc prevented by the use of a second lens made 
if glass of different dispersive power (204). 
thus corrected (Figure 151) is called 
'i'c {colorless) lens. 
1 T'he Terrestrial Telescope. — The image in the 
i described above will be inverted. Ait erect 
I may be obtained by using additional lenses. 
t inverted image (Figure 152) is formed at a b. 



Fig. 1 SI. 

I 




5 P renders the ruys diverging from this image 
, and .g brings them to a focus again at a' b'. 
e two lenses then act as one, and form an inverted 
i of the inverted ima^e, or an erect image. 




39. The opera -Gtass.^Af (Figure 153) is the o""^ 
■glass, and is a converging lens, Jf is the eye-pi ' 
ia a diverging lens. The rays of light coming -a^g'^ 
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■In terrestrial telescopes, two or more lenses are com- 
1 as to make the object appear upright. (238.) 
The magic lantern forms a magnified image of an 
^t upon a screen in a darkened room. (240.) 



. Plane Mirrors. — A mirror is a smooth rejleci- 
urface. If the surface \&Jlat., it is a plane mirror. 
In Figure 154, suppose a point of light A to be in 
)nt of the plane mirror A'' M. The rays diverging 
A, as A B and A C, are re- Fig, .s* 

d from the mirror so as to 
; the angle of reflection equal 
1 that of incidence. After reflec- 
D they enter the eye O just as if 
me from tlie point a. This 
int will therefore appear to be 
at as far behind the mirror as 

n front of it. 
A plane mirror simply alters the direction of the 
r, and makes them appear to come from a point as 
r behind the mirror as the object is in front of it. Now, 
I we always see an object in the direction which the 
ys have on entering the eye, the object will appear to 
8 behind the mirror. No image is formed; for, in 
r to form an image, the rays diverging from the 
4ect must be made to converge so as to meet. 
-a42. Concave Mirrors. — A concave mirror i^apor- 
% of the inner surface of a hollow sphere, 
n Figure 155, C is the centre of tlie sphere of which 
1 mirror ia a part. The radii C A, C B, and C £> 
perpendicular to the surface of the mirror at the 
ints A, B, and D. Parallel rays, as M, G, and Z, on 
Kting the mirror, are reflected so as to make tlie 





of Tx^tlcction equal to that of incidence ; tlinl 'a, mdisg 1 
C^iY equal to C B J^, C D G to C £> F,e^ H«| 




iAe reflected rays are made to con-verge, li ihc ouW 
is not more than S° or lo" in breadtii, the rays wiU * 
meet at F^, lialP-way between C and A. Thi» poiK'« 
called the principal focus of tlie mirror. 

If rays diverge from a point nearer the mim 
the principal focus is, they will still diverge on rfj* 
Hon. If llicy diverge from a point farther off IhA 
the principal focus^ they "will converge on refleiiioit- 

243. Images formed by Concave JSfirrors. — If 
object be in front of a coiicave mirror, and outside of 
principal focus, an inverted image of it will be (axwA 



in front of the mirror {Figure 156) ; for the t 
diverge from it will be made to converge aiu) i 
The size of the image will increase toitk its di 
from the mirror; and its distance from the * 
the mirror is made i 
the otijsct is drought nearer. 
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144- Convex Mirrors. — A convex mirror a a portion 
e/ the surface of a sphere. 

Such a mirror (Figure 157) renders parallel rays <!$• 
'"crgeut, and divergent rays more divergent. Hence 

Fig. i». 




*n object reflected in it appears smaller than it really is. 

A concave mirror affects tlie rays like a convex lens, 
Md a convex mirror like a concave lens. 

^$. The Reflecting Telescope. — A concave mirror 
"ny be uBed instead of the object-lens of a telescope, as 




is shown in Figure 158. The rays from an object falling 
upon the concave mirror M are reflected so as to form 
an image at the focus, and this image is viewed with the 
eye-piece p. As the image is formed by reflected -ight, 
the instrument is called a reflecting telescope. '^"C or- 
diiuir)' telescope is called a refraeting telesco-'^i amce 
the image is formed by refracted light. 
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PROPAGATION OF HEAT. 



^^J. Heat is Radiated in ail Directions. — When 
I *£ come near a stove we feel its heat, no matter on what 
I aide of it we may be ; that is, the stove radiates its heat 
ID all directions. 
Radiant heat, like light, diminishes in intensity as 
I ike square of the distance increases, and for the same 
Rason. 
24S. Heat traverses Space in Straight Lines and 
h the Velocity of Light. — Heat and light come to 
e earth together in the sun's rays, and we have seen 
liat these move in straight lines and with a velocity of 
liout 190,000 miles a second. 

■uminous and Obscure Heat, — Heat which is 

radiated from a non-luminous source, as from a ball 

" heated below redness, is called obscure heat ; while that 

radiated from a luminous source, as from the sun or 

from a hall heated to redness, is called lumi?tous heat. 

350. Diathermanous Sodics. — Some substances, as 
air, allow radiant heat to pass readily through them, 
and are called diathermanous. The term is derived 
from the Greek words dia, through, and thermos, heat. 
If a plate of glass be held up before an iron ball heated 
> dull redness, a delicate thermometer held behind the 
late will be scarcely, if at all, affected. If, however, a 
e of rock salt he put in place of the glass, the ther- 
neter rapidly rises. Rock salt is the most diather- 
tanous of all known solids, and is to radiant heat what 
s to light. 



A solution of iodine in bisulphide of carbon is wholly 
opaque to luminous heat, and perfectly diathermanoua to 
obscure heat. 

251. Obscure Heat always accompanies Luminous 
Heat. — If a luminous beam, as that from tlie lime light, 
be allowed to fall upon a cell with glass sides, filled wift 
the iodine solution (250), all the luminous heat iscutofi'. 
Place a diflerential thermometer ■ behind the cell in fe 
dark space, and we find that a beam of obscure heat is 
passing through the cell. Obscure is found always W 
accompany luminous heat; and the hotter the sourKi 
the more intense are the obscure rays. This may be 
shown by heating a coil of platinum wire gradually from 
dull redness to a white heat, and then cutting off tlw 
luminous rays by the iodine cell, and letting the obscure 
rays fall on a differential thermometer. 

252. Heat is Refiected and Refracted in the Sam 
Way as Light. — Let a beam of light fall upon a mil- 

ror, and hold one bulb of a differential thermometer 
in its path after it has been reflected. The luminous 
heat will be found to be reflected with the light. Now 
cut off the luminous heat with the iodine solution, and 
hold the bulb again in the path which the reflected beam 
took. It will be found that the obscure heat has also 
been reflected in the same path as the light. 

Let the luminous beam fall upon a prism, and examine 
it in the same way after refraction. It will be foundr 
tliat both luminous and obscure heat are refract^ 
like light. 

253. Heat is Dispersed in the Same Way as Light. 
— Experiments have shown that radiant heat is dispersed. 
like light on passing through a prism ; and that obseurt^ 
heat is less refrangible than luminous heat. 

* A therm oraeter for finding the difference of temperature it 
two points (291) ■ 



V J54. 7%e Spectrum is made ufi of three Parts. — 

H Hie spectrum is found ta be niiide up of three parts : (i) 
H ^km'nous portion; extended, at the red end, by {2) an 

■ ^scsre thermal portion ; and, at the violet end, by (3) 
H ^oiscure chemical portion. The luminous portion is 
B aUo both thermal and chemical. 

■ Black lines (called, from their discoverer, Fraun- 

■ hofer's lines) can be seen crossing the luuiinous part of 

■ the spectrum. These dark lines are found to be also 
I Cold and chemically inactive. Similar cold lines are 
I found in the obscure thermal part. 

■ 255. Calorescence and Fluorescence. — If a jet of 
I mixed hydrogen and oxygen be set on fire, it produces 
I what is called the oxy-hydrogen flame. This flame has 
I very little tight, hut its heat is intense. The radiations 
I are mainly the obscure tirermal ones. But if a small 
I cylinder of lime be put into t]ie flame, the light becomes 
I most dazzling. The obscure thermal radiations have 
\ been changed into luminous ones. This change is called 
I calorescence. 

I If a paper washed with a solution of quinine be held 
[ in die extreme violet end of the spectrum, the obscure 
[ chemical ipart of the spectrum becomes lumjuous. This 
change of the obscure chetnical rays_ into luminous ones 
i is called ^«or*MCCKCe. 

256. Different Solids, Liquids, and Gases absorb 
L Ifeat with different Degrees of Readiness. — If we 
L cause rays of heat to fall upon different solids, liquids, 

■ and gases, and measure with a delicate thermometer the 
I Jieat which passes througli, we find that they absorb the 
maante kind of heat very differently. 

\ Again, if we use platinum wire (251) as a source of 
Bjieat, we shall find that glass absorbs obscure heat better 
KUian luminous heat; and, in general, that a given sub- 
\ttance absorbs different kinds of heat in different 



proportions. Among gases the best absorber ef <A- 
scure heat is watery vapor. 

357. Good Absorbers are good Radiators. — Pkce a 
heated copper ball just half-way bct\veen two plates of 
tin, one of which is bright and tlie otlier coated with 
lamp-black ; and hold the bulb of a differential ther- 
mometer against the back of each plate. The coated 
plate will be found to be hotter than the other, showing 
that it is the better absorber. 

Again, place the plates against the ball, with the 
coated side of the blackened plate outward ; and hold 
a differential thermometer near each to receive the he«t 
radiated by it. It will be found that the coated pl>ft 
is the better radiator. 

Good absorbers always prove to be good radiators. 



SUMMARY. 

Heat is radiated from its source in all directions, 
Straight lines, with the velocity of light. (247, 248.) 

Radiated heat may be luminous or obscure. (249.) 

Bodies which allow heat to pass readily through them 
are called diathermt^ous. (350.) 

Radiant heat is reflected, refracted, and dispersed 
the same way as light. (352, 253.) 

The spectnim is made up of tlu^ee parts: (1) a lui 
nous part; (2) an obscure thermal part; and (3) 
obscure chemical part. (254.) 

Calorescenee is the change of the obscure thermal ray^ 
into luminous rays. Fluorescence is the change of the, 
obscure chemical rays into luminous. (355.) 

Different solids, liquids, and gases absorb heat very 
differently. (256.) 

Good absorbers are good radiators. (257.) 



EFFECTS OF HEAT ON BODIES. 

158. The Molecules of a Body transmit Heat to o 
Uker. — When one end of a poker is- placed in t 
j it soon becomes red hot, and the heat slowly travels 
iiis end to the other, Tliis heat cannot have been 
ed, since radiant heat travels at tlie rate of 190,000 
a second. 




S transmission of keat from molecuU to 
^body is called conduction. 

1 Different Solids conduct Heat differently, 
ivcral thermometer bulbs be inserted in a metallic 
as shown in Figure 160, and one end of the bar 
leated, the mercury will begin to rise in the theiw 
Kter nearest the heated end, and then in the othcrB' 
easively. If rods of other raetals of the same length' 
Wiickness be tried in the same way, it will be found 
* the metals differ -widely in conductive f< 
B which are good conductors of heat are also 
hictors of electricity. 

Liquids and Gases are Poor Conductos 
— In Figure 161, a differential thermometer (351] 
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is placed in a glass vessel 611s j 
n'itli water. Heat is applied to A u 
Eurfjicc of the water by means of i J 
dish of heutcd oil. If the waU ^ 
conducted the heat, the upper bull ,^ 
would become heated so 
the lower one, and the thermomC y 
ter would at once indicate a ^ _ 
ference of temperature between it^'- 
two bulbs. But the thermomi 
is scarcely affected. 

All liquids are poor conductm 
of heat ; and gases are poorer oi 
",s the Temperature of a Body,-^ 
t obvious effect of the heat absorbed by a 
is a rise of temperature. This rise is indicated by tt 
sense of touch, but more accurately by a tliennometef. I 

26a. A Body in cooling' l° gives out Just as n 
Heat as it takes to heat it 1°. — Boil half a pound a{ 
water, and plunge the bulb of a thermometer into iliV 
and it will indicate a temperature of 212°. Removel 
tlie water from the source of heat, and add half a pound 1 
of water of a temperature of 70°. Stir the mixture a | 
short time with die bulb of a delicate thermometer, a 
the temperature will be found to be I4»'', The first I 
half-pound of water has then lost 71° and the second 
has gained 71°; in other words, the first in cooling l' 
has given out just heat enough to warm the second 
1°. The same is true of all other bodies. 

263. It requires different Amounts of Heat to raiff 
the Temperature of the same Weight of differei^ 
Bodies 1°. — Heat a piece of tin to a 12° by plun^^Ofl 
it into boiling water, and then plunge it into its owj 
weight of water at 70°. The resulting temperature wiB 
be considerably below 141" ; showing that tin in cooliiig 



does not give out heat enough to raise the water i°. 

rt the tin in cooling t° gives out just as much heat as it 

kes to raise its temperature 1°. Hence it takes more 

tat to raise the temperature of a pound of water i" than 

raise that of a pound, of tin i°. If copper be used 

Lstesd of tin, tlie resulting temperature will be higher, 

ut stiU below 141°. It requires, then, less heat to raise 

\e temperature of a pound of copper i" than to raise tliat 

pound of water i", but more than it takes to raise 

of a pound of tin 1°. In this way, we find that it 

w very dij§^erent amounts of heat to raise the tem- 

ierature of the same weight 0/ different substances 1°, 

364. I/ftit of Heat. — The thermometer indicates the 

&e of temperature in a body, but not the amount of heat 

quired to raise the temperature. It is therefore desir- 

to have some unit by which the heat received -by a 

idy may be expressed. The unit usually taken is the 

lOunt of heat required to raise the temperature of a 

liod of water 1°. A unit of heat ^ then, is the amount 

heat required to raise the temperature o^ one pound 

865. Specific Heat, — T^he amount of heat required 
raise the temperature of a pound of any substance 
, expressed in units, is called tlie specific heat of that 
bstance. Thus it requires Jg of a unit of heat to raise 
i temperature of one pound of mercury 1°; and the 
Bcitic heat of mercury is therefore g'j or .033. 
966. Heat causes Solids to melt. — Place a dish of 
iter at the temperature of 33° and a dish of ice at the 
tie temperature side by side in a warm room, and hold 
thermometer bulb in each. The temperature of the 
"er will gradually rise, while tliat of the ice will^ot 
until the whole is melted. The heat, then, which 
wn absorbed by the ice has melted it, or changed 



The second effect of heat upon a body, then, is ta 
change its state. 

267. The Melting-points of different Solids are 
different. — Ice, as we have seen, has a temperature of 
33". Mercury melts at — 38°; and alcohol at a tempo- 
ature lower than we have yet been able to produce. On 
the other hand, phosphorus melts at 111°; iron at 1912°} 
and charcoal at a higher temperature than we are abll 
to produce. The melting-point of any one substance 
is, under the same circumstances, always ike same. 

Certain bodies become so_ft or viscous before iktf 
melt. Sealing-^vax, when cold, is quite brittle, but 
when heated it first grows plastic, and finally meltt- 
In like manner, iron before melting becomes soft ill 
such a manner that pieces may be easily -welded W. 
gether or moulded into any form. 

368. Latent Heat of Liquids. — If a pound erf i» 
at 32° be mixed with a pound of water at 312", the 
perature, when the ice is melted, will be 50.5°. It hai 
then taken 161 .5 units of heat to melt a pound of ice and 
to raise its temperature from 32° to 50.5°, or 18.5' 
therefore takes 143 units of heat to melt a pound of ice. 
Heat always disappears in melting a solid ; and tiiii 
heat is called the latent heat 0/ fusion, or the lateiU 
heat of the liquid, since it is concealed in tlie liquid. 

By the latent heat of a liquid, then, we mean the num- 
ber of units of heat required to melt one pound of tht 
substance. Thus the latent heat of water is 143 umtii 
which is greater than that of any other liquid. 

When the liquid passes back into the solid state again, 
its latent heat reappears as sensible heat. 

269. Heat causes Liquids to boil. — Under the ordi- 
nary pressure, if water be raised to a temperature of 
3I20, it begins to boil, and its temperature then remains 
tlie same until it \% all converted into steam. The hea^ 



™n, which the water absorbs changes it from the liquid 
■b the gaseous state. Other liquids can be made to boil, 
put at very difTerent temperatures. Any given liquid, 
Kinder the same circumstances, always boils at the same 
temperature. 

370, Latent Heat of Gases. — If a thermometer be 
Vlield in the steam just over boiling water, it will indi- 
fcate a temperature of 213°, Now, as water is receiving 
leat all the time it is boiling, this heat must be latent in 
( the steam. The latent heat of difierent gases is found to 
rTary greatly. The latent heat of steam and watery vapor 
r !s greater than that of any other gas or vapor, hydrogen 
f alone excepted. 

271. The Slate of a Body depends upon its Temfer- 
X ature. — When a solid is heated, its temperature rises 
I till it reaches the melting-point, where it remains sta- 
f iionary until tlie solid is melted. It then rises again 
rnntil it reaches the boiling-point, where it again remains 
r stationary until the liquid is converted into a gas. When 
[a gas is sufficiently cooled, it goes through the same 
"'changes in the reverse order. 

} because difTerent substances have very difTerent 

* boiling-points tliat they can eifist in nature, some as 
solids, some as liquids, and some as gases. 

372. The Boiling-Point of Waterfalls as the Pres- 
~ sure on its Surface diminishes. — Fill a flask two-thirds 

* fiill of water, boil it for some time, cork it tightly, remov- 
'ing it at the same time from tlie source of heat, and 
Jnvert it, as shown in Figure 163. Pour cold water 
lipon the flask, and it begins lo boil again. 

At first the upper part of the flask is full of steam, 
"*fhose elastic force causes it to press upon the water. 
"When cold water is poured upon the Aask, this steam is 
'condensed, the pressure is diminished, and the water 
joila, though at a lower temperature. 



The height of a mountain can be cBtimated quite ac- 
curately from the dij* 
^^ ference bettueen lie 
boiling-points at its 
sumfnii and at its iau. 
Steam occupies vay 
much more space tlmn 
tlie same weiglit of wa- 
ter, and there is no 
cohesion among it» 
molecules (22). When, 
therefore, water bcriUi 
both the cohesion of tht 
liquid and the pressure 
of the atmosphere must 
be overcoine, since both 
of these tend to keep 
the molecules together. 
Hence, wien either tht 
cohesive force or 
external pressure is changed, the boiling-point will 
also change. 

273. Tie Spheroidal State. — If two or three drop) 
of water be poured into a red-hot metallic cup, they 
gather into a globule, which runs about 'without boiling' 
The water is now said to be in the spheroidal slate. 





Turn a cup c bottom up (Figure 163), heat it to red- 
ess, and carefully put a drop of water d upon it with «* 



pping-tube. Place behind the drop a platinum 
, heated to a white heat by a battery. With the 
1, the platinum wire can be seen between the drop 
cup, showing that the drop does not touch the cti 
\s soon as the drop comes near the heated cup, steam 
generated beneath it, and acts like an elastic spring- 
lift the drop from the surface. As the cup cools, 
b spring gives way, and tlie water, on touching the 
[face, is suddenly converted into steam. Boiler ex- 
isions are probably often caused by this sudden change 
(in the spheroidal state to steam, 

974. Evaporation, — If water is exposed in an open 
ttel at tlie ordinary temperature, it gradually disap- 
Brs, passing- off in the form of vapor. This vapor is 
hned slowly and only at the surface; while, in boil- 
f, steam is formed rapidly and throughout the liquid. 
ater is thus evaporated into the atmosphere at all let 
ratures, but more rapidly as the temperature ri 
875. Condensation. — A gas condenses at the 
int at iiihich its liquid boils; and, as pressure 
e boiling-point, it also raises the point at which a gas 
Ql condense. Under the combined action of pressure 
d cold, almost every known gas has been iiqiiefied, 
«76. Freezing-Mixtures. — When a solid melts, or a 
{Uid evaporates, a large amount of heat is rendered 
lent. Advantage is taken of this fact to obtain an ani- 
mal reduction of temperature. One of the most com- 
Dn Ircezing-mixtures is composed of salt and pounded 
ft The substance to be firozen is placed in a small 
«el which is put in a larger one and packed round 
Ith this mixture. The ice rapidly melts, and in doing 
-absorbs a large amount of heat, thus reducing the 
IKperaiure of the inner vessel. 

tA. much greater degree of cold is obtained by **** raj 
aporation of a liquid than by the melting of « ^^''d. 
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If solid carbonic acid be mixed with ether, it eva[»- 
rates very rapidly. By mean* of such a mixture, 20 or 30 
pounds of mercury may be readily frozen. IS the mixt 
ure be placed under an exhausted receiver, the evapora- 
tion is greatly quickened. Faraday thus reached a tem- 
perature of — 166^ F. 

277. Solids are expanded by Heat; hut differ*^ 
Solids expand unequally for the same Rise of Tem- 
perature. — We have already learned (6) that solids are 
expanded by heat. If now a bar of iron and one of cop-- 
per be riveted together and then plunged in boiling water, 
so that the temperature of both may be raised to the same 
point, the compound bar will become cur\-ed, the coppet 
being the convex side. This is because copper is ex- 
panded more tlian iron for the same rise of temperature- 
Scarcely any two solids are expanded alike by heat. 

278, Liquids are expanded by Heat; hut dij^erent 
Z-iquids expand unequally for the same Rise of Tent- 
perature, — Fill a test-tube with water, and then close it 
with a rubber cork through which passes a fine glaM 
tube. Plunge the test-tube in boiling water, and the 
liquid will rise in the tube ; showing that it has 
expanded by heat. 

Fill a second test-tube with alcohol, and plunge both 
into boiling water. The alcohol will rise higher it 
tube than the water will, showing that it is expanded 
more by the heat. Different liquids, then, expand 
equally for the same rise of temperature. 

379. Gases are expanded by Heat, and dr^erent 
Gases expand equally for the same Rise of Temper- 
ature. — Close a pint flask with a cork through which 
passes a bent tube, and connect the tube with a jar in- 
verted over water. Plunge the flask into boiling wateTf 
and bubbles of air rush over into the jar. All gases are ' 
thuft expanded .by heat. 



. now the same flask with hydrogen, oxygen, or any 
gas ; conocct it with the same jar as before, and 
plunge the flask into boiling water. Precisely the 
amount of gas will pass over as at first. 

S/It'ds, liquids., and gases are expanded by heat; 

U> and liquids unequally, and gases equally, Jbr 
•■me rise of temperature. 

. Convection. — Since the molecules of liquids and 
are free to move, tlieir expansion, when they are 

ited unequally in different parts, will create currents. 

t unexpanded and heavier portions will tend to dls- 
tlie lighter ones and to compel them to rise. As 
heavier portions become heated, they in turn tend 

rise and give place to colder portions ; and so on. 

fZese currents tend to distribute the heat, and this 
of distribution is called convection. 
. Convection of Liquids. — In Figure 164, we havs- 
is beaker filled with water heated by a lamp belovK 
le sa^vdust is added to the 
, and its motions show 
I current is passing up the 

itre of the vessel and down 

the sides, as indicated by the 

lows in the figure. Each 

llecule is thus seen to come 
tlie bottom to get heated, 

d then to return to the sur- 
It is in this way that 
which is a bad conduc- 
readily heated when the 

td is applied below. 

Oceanic Currents. — 

Bfanic currents are produced 

' convection. The temperature of the sea in the 

^ic8 is about 50° higher than at tlie poles, and the 
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riSc g!a%iU of the water is therefore much ka b 
rf*??."?? ibe equilxbriuzn, the wanner and lighter «i 
.-c ibe tn>pical regions floivs towards the pole8)4| 
"•; c:lier and denser "water of the polar regions fcj 
r:-»riri* r>e equator. If the whole earth were coirf 
-win wx2fr of die same saltness, we should evenn»N] 
"r^v- J, s-rrfiCi^-current fh>ni the equator towaid»i|| 
p:..»«w i=i ars under-current from the poles \a9m. 
z>c ec-nr-'T. Bi:t owing" to the obstructions cSad% 
rrvr liryi asi by die inequalities in the hcd of ■! 
:o;-Lr-- xsd to the di&rent deg^rees of saltDOS, m 
r^^rsrijot x aer-sirr. in did&rent parts of the sea, A* 
r?»-.- p^a: c-,irr«its ax>e broken up into innumerahlenw 
*■*-— r^r:* ani cxinter-currents. 

rSf rrx"»55 remarkable of these currents is Ae Gij 
^N- '-rx.fr, which :<ssues from the Gulf of Me«co, • 
c-,"»a5s-ri^ rhe Adanriv in a north-easterly direction,^ 
r>e ^YSK-rz cAiss of Europe. 

r>5 .Vf-r.-^v-vv cf Gases. — If a lighted candle 
v ,: ::-. :-.c cr:ick of a door which o]>ens from a^ 

r,- a ."^.rl.: r»£n. ihe f!ame will be blo\%-n outward a 
r.'.* .^c" :Sc :5A:r ar^d ir.ward at the bottom, while hall 
; -^ : ^^ 11 rum sitaiily. A current of cold air is ps 
^ -:,^ :Sc r»r.: a: r:ie bonom, driving out a cum 









's -vit-'v bv c:»r.vecdon that the air in a re 
TSe «-T :ie.ir the stove is heated and exp 
.< N* I'^x^-.-i f.^rcixi v.r^w.ird bv the current of colder 
^^ >sr:: a V;::^'.;::;: "-> heated by a frimace, this is 
• ' tV oo/.A*. anv'. enc.isod in brick-work or in sh« 
Vv *;\4cv IvtwixMi the tire-pot and the casing i 
"xN^v l^\ :>.o a:r-K^\ with the outer atmosphei 
>\ •., ..^> x^: pi^H^s wiih the rooms to be heated. 
.* *s AKn:t the tiix^^vn tii^t becomes heated, and is 
i •;* i>,*AV;\jih the pij^^s by the cold air from withou 
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4.. TTie Relation of Water to Heat and Climate. 
^ater, from its hi^ specific and latent heat, has a 
e^ed influence on climate. It makes the transition 
1 -winter to summer and from summer to winter more 
lual. In the spring, when the snow begins to melt, a 
^ amount of heat is absorbed from the air and ren- 
ed latent. After the snow and ice are all melted, such 
he specific heat of water tibat it requires a great deal 
heat to raise its temperature. In the fall, on the other 
nd, as the water cools down and freezes, it gives out 

the heat which it had absorbed in the spring. 
285. The Irregular Expansion and Contraction of 
^ater. — If water at the temperature of 39** be either 
armed or cooled, it expands. This temperature is 
mce called the point of maximum density of water. 
We can now understand why water often bursts the 
Ipe or vessel in which it freezes. Water is the only 
*quid which has such a point of maximum density^ 
nd there are but very few substances which expand 
rhen they become solid. Iron is one, and it is owing 
5 tiiis property that it is so well adapted for castings. 
Vs it solidifies, it expands so as completely to fill the 
nould. 

This irregular expansion of water is of the greatest 
importance. Before freezing it begins to grow lighter, 
K) that the freezing begins at the surface ; and the ice, 
being lighter still and also a poor conductor of heat, 
floats upon the water and keeps it from freezing very 
deep. If water continued to contract as it cooled, it 
would beg^n to freeze at the bottom, and during the 
winter our lakes and rivers would become solid masses 
of ice. This would be fatal to all animal life in the 
water; and, as water is a very poor conductor of heat, 
H would melt only to the depth of a few feet during 
the summer. 
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takes a different amount of heat to raise the tem- 

ituiB of the same weight of diHerent substances i°. 
The amount of heat required to raise the temperature 
le pound of water i" is called a «»*'/ of heat. 
le amount of heat required to raise the temperature 
one pound of any substance i°, expressed in thermal 
Its, is called its specific heat. (263-265.) 

rhe heat which a body absorbs is sometimes used in 

mging its state. (266.) 
Q!*be melting' and boiling points are the same for tlie 
me substance under the same pressure ; but those of 

;nt substances are different. (267, 269.) 
iWhen a substance melts or boils, a certain definite 
bount of heat is rendered latent. 

'The latent heat of water is higher than that of any 
her liquid ; and that of steam is higher than that of 
^r other vapor. (268, 270.) 

The boiling-point of water is raised by increasing the 
Kssure. (372.) 

When water is put into a red-hot vessel, it is prevented 
torn coming in contact with the heated surface by a 
kyer of steam, and is said to be in the spheroidal 
B«te. (273.) 

Liquids evaporate at all temperatures, but more rapidly 

I the temperature rises. Vapors condense at the same 
ptnnt as that at which their liquids boil. (274, 275.) 

The heat absorbed by a body is used partially in 
poshing the molecules apart, or expanding it. Dif- 
Itent solids and liquids expand unequally, and different 
!8 equally, for the same rise of temperature. {277- 

When a gas or a liquid is heated beneath its surface, 
rents are produced which distribute heat by convec- 
It is in this way that the Gulf Stream and other 
currents are produced. (280-2S3.) 
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j-point and below the freezing-point; but not be- 
frjS" nor above 576°, since mercury Jreezes at the 

: point and 6oils at the latter. 

\ the Centigrade scale, which is the one commonly 

ice, and the one generally preferred by scien- 

ic men, the _freezing-point is marked o, and the boiU 

^-point too, 5° of tliis scale, then, are equal to 9° of 

rFahrenheit scale. 

Kthird scale, known as ReaumHt' s, is in general use 
lermany. On tliia scale the freezing-point is marked 
%d the boiling-point So, 

19. The Alcohol Thermometer. — Wlien tempera- 
I below — 38° are to be measured, alcoJiol is used 
Ktd of mercury. An alcohol thermometer Is not, 

accurate as a mercurial one. 
go. The Air Thermometer. — There are various 
» of measuring temperatures above the boiling-point 
uercuiy, but the best is by means of the air tker' 
teier. The expansive force of air is very regular 
!aU known temperatures, but it expands so rapidly 
to measure the ordinary range of temperatures 
old require too long a tube. 
Hie expansion of the air 

s indicated by the movement of 
viumnofliqaid upon -which it acts. 
[191. The Differential Thermcme- 
tv, — This instrument shows the dif- 
ference in temperature between two 
neighboring substances or places. In 
the one invented by Leslie (Figure 
165), two bulbs, A and B, tilied with 
air, are connected by a bent tube. 
A little colored liquid fills the lower 
pnrt of this tube, and rises to the 
Jerels C and D when both bulbs are 
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Catn-pensation Balance -Wheel. - 
|[1 of a \vatch is sometimes made, a! 
trith one continuous rim, but with 
iToken rim of several separate 
., all of which are fiscd at one 
L and free at the other, the free 
t being loaded ; and eac 
wmposed of two metals, of which 
Imore expansible is placed outside. 
I a rise of temperature, then, ike 

ends -will approach the centre. This is made to 
mteract the effect produced on the rate of the -watch 
\ihe expansion of the -wheel, -which carries the cir- 
^ference farther from the centre. 

Other Effects of Expansion. — The force ex- 
ted by solids in contracting or expanding, or by liquids 
I expanding, is very great. If a strong vessel be en- 
ely filled with a liquid and then sealed tightly, the 
sel will burst if considerably heated. 
Jn the arts it is of great importance to bear in mind 
9 intensity of this force, sometimes with the view of 
iding against its action, and sometimes in order to 
;e it useftil. Thus, bars of furnaces must not be 
ted tightJy at their extremities, but must at least be free 
[ one end. In making railways, also, a small space 
list be left between the successive rails. For a similar 
J water-pipes and gas-pipes are fitted to each other 
r telescopic joints. 

396. Wet and Dry Bulb Hygrometer. — Khygrome- 
■ ie an instrument for measuring the amount of 
tisture in the air. The one invented by Mason con- 

KIB of two thermometers (Figure 16S) placed side by 
B, one having a dry bulb and the other a bulb covered 
1 musUn, kept moist by means of a string dipping in 
er. The wet bulb is chilled by the evaporation of 
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the water from it, sin 
evaporation renders si 
its heat latent. Tlte 
the air, the more 
the evaporation, an 
greater the differem 
tween the readings < 
two thermometers. 

397. Edson's Hygr 
— This is an improvet 
of Mason's hygrometi 
difltrs from all other 1 
meters in having a di. 
pointer, showing alai 
the temperature, the i 
(^ humidity, the ah 
amount of -Dapor in 
cubic foot of air, an 
de-w-point. 
" ='-"^= --~ The de'w-point is th 

ferature at which the moisture of the air begin, 

deposited as dew. 
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SUMMARY. ^H 

The thermometer is used to measure tempei 
The tlicrmometer scales most used are Fahren 
tiie Centigrade, and Heaumur's, (288-290.) 

The differential tlier mo meter serves to measu 
difTerence of temperature at two places. (291.) 

The expansive power of heat may be made to 
late the rate of clocks and watches, (293-294.) 

The hygrometer and hygrodeik are instnimei 
measuring the amount of moisture in the air, (396, 



ELECTRICITY. 



MAGNETISM. 

agS. Magnets. — If we bring one end of an ordinary 
r magnet in contact with a pile of iron tacks, we find 
It Eome of the tacks cling to the magnet. The force 
ading in a magnet and shown by its attracting iron 
called magnetism. 

lliere is a certain iron ore which has the power of 
iracting iron. This ore seems to have been first found 
-r Magnesia, a city of Asia Minor ; hence the name 
Natural magnets are called loadstones (more 
operly lodestones), that is, stones that lead or draw 

.S99- The Power of a Magnet resides chiefly at the 

If a small iron ball, suspended bj a string, be 

red alongside a bar magnet it is scarcely attracted at 




middle of the bar. As it approaches either end, it is 
acted more and more, and near the ends the attrac- 
r /s ffiac4 iAe s/rottgest. 



ELZCTRICITTT. 

Lay a piece of stiff drawing-paper upon a strgi^ 
magnetic bar, and strew fine iron-filings over it. 
pailicles of iron (Figure 169) arrange themsefves io 
lines radiating from the poles, called lines of ma^ 
netic force, or magnetic curves. 

300. The Forces at the Ends of a Magnet act h 
Opposite Directions. — Suspend a bar magnet by I 
string (Figure 170) so that it can turn freely. Bring 

j-^ ,j^ one end of *a bar magnet near one 

end of the suspended magnet, aid 
the latter is drawn towards it. Hi* 
verse the ends of the bar magH^ 
and the end of the suspended n]ijj> 

* net is repelled. This shows t 

the forces at the ends of a magnd 
act in opposite directions. 

The ends of the magnet, or the points luhi 
opposite forces reside, are called poles. 

301. The Magnetic Needle. — A 6at- magnet poisei 
or suspended so as to turn freely is called a magnet, 
needle. One of its poles "will always point to tl 
north, and is called the north pole. The opj 
pole is called the south pole. 

302. The Earth acts like a Magnet. — If a small 
needle which is free to move horizontally be placed 
upon a bar magnet, its south pole will always point 
towards the north pole of the latter. If a small dip- 
ping needle, that is, a needle -which is free to MOVI 
vertically, be placed above the middle of a bar magne^ 
it stands parallel with the bar magnet. If it be moved 
towards the north pole of the magnet, the south pole 
dips more and more towards the magnet. If it be 
moved from the centre of the bar magnet towards the 
south pole, its north pole dips in the same way. 

Now, a magnetic needle (301) points north and soutib 
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SO. held above the earth. A dipping needle near the 

ator stands horizontally ; when carried north from 
equator, its north pole dips towards the horizon ; 

, when carried south from tlie equator, its south 

E dips. 

We see, then, that the earth acts upon a fnagnetie 
vdle like a magnet -whose poles are near the poles of 
« earth. 

■303. Like Poles of Magnets repel and unlike Poles 
tract each other. — Bring the north pole of a bar 
Agnet near the north pole of a needle, and the latter 
be repelled. Bring the south pole of this magnet 
r the north pole of the needle, and it will be at- 
tcted. The experiment with the bar magnet and the 
Ippii^ needle (303) also illustrates this law. 

304. ^fagnetism is developed in Iron or Steel by 
iduetioH. — When a piece of soft iron is brought in 
mtact with the pole of a magnet, it will attract other 
i of iron, showing that magnetism is developed 
p the iron by contact -with the magnet. Magnetism 

J be developed, or induced, in a piece of steel in the 

ne way. The iron loses its magnetism as soon as 
I is taken away from the magnet, while the steel 
tlains it. The iron or steel need not come in actual 
Mtact witli the magneL Magnetism Fig. 171. 

rill be induced in it, if it merely be 
Fought very near tlie pole. 
.305, Forms of Magnets. — Ordinary 
Ugnets are made of steel. When , 
'faight, they are called bar magnets; 
ten bent into the shape of the letter 
\ they are called horseshoe magnets. 
ftteral bar or horseshoe magnets con- 
tcted (Figure 171) constitute a mag- 
ttic battery. 
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SUMMARY. 



The force which enables a magnet to attract iron tB 
called magnetism. (398.) 

This force resides chiefly at the ends, or fola, of 8 
magnet. It radiates from these poles in curved lines, 
called lines of magnetic force, or magnetic c. 
(299, 300.) 

The forces at the poles of a magnet act in oppoute 
directions. (300.) 

The earth acts upon a needle like a magnet Its 
magnetic poles are situated near the poles of its 
(302-) 

Like poles of magnets repel, and unlike poles attnct) 
each other. (303.) 

A magnet can develop magnetism in iron or stedly 
induction. Soft iron loses its magnetism as soon as it is 
withdrawn from the influence of the magnet, while Bteel 
retains its magnetism permanently. (304.) 



VOLTAIC ELECTRiaTY. 

306. 7%e Voltaic Pair. — If a strip of amalgamittd 

zinc (zinc which has been immersed in mercury) and 
another of copper be placed in a cup of dilute sulphuric 
acid, no action takes place so long as the zinc and copper 
are not connected. If we join the plates by means of 
wire, bubbles of hydrogen gas at once appear at the cop- 
. per plate, and the acid begins to dissolve the zinc pi: 

If a small magnetic needle be held near the wire when. 
the plates are connected (Figure lyz), tlie needle wU 
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led adde, showing that tlicre is 
new force in the wire. This 
irce is caUed eleciricity; and, as 
)s to floiti through the wire, it is 
in this case the electric current. 
iroduced by tlie chemical action 
■n the acid and tlie zinc. 
> plates thus connected form a 
; fair or cell. The zinc is 
the active plate, and the copper 
asive plate. The passive plate 
Q made of other substinces. 

active plate is also called the negative pale, and 
fssive plate the positive pole of the cell. What' 
'onnects the poles is called the circuit. 
: electric current is always assumed to ([ovtyrom 
'ssive plate, or positive pole, through the wire to 
five plate, or negative pole. 

. Sunsen's Cell. — When tlie above voltaic cell is 
ion, bubbles of hydrogen collect upon the passive 
(o as nearly to cover it. This preveiits contact be- 

the plate and the liquid, and Fig. ijj. 

;res with the chemical action of '■ ~ 
ill. 

Sunsen's cell this collection of 
gen is prevented by surround- 
e passive plate witli strong nitric 
which takes up the hydrogen. 
Cell (Figure 173) consists of the 
^ng parts : a large earthen or 
tap; apiece of zinc rolled into 
fider and open down one side ; a 
■ porcelain cup, small enough to 
Ude the zinc cylinder ; and a 
s carbon, email enough tc 
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porcelain cup. The larger cup is Blled with dilute 
sulphuric acid, and tlie smalter cup with the strongest 
nitric acid.* The carbon is the passive plate. 

In Grove's cell, a strip of platinum is used for the pu- 
sive plate, instead of carbon. In other respects it 
essentially the same as Bunsen's. 

308. Daniell's Cc//. — This cell is shown in Figu 
174. The outer vessel is of copper, and serves as t 

J,- passive plate. Inside this is a vessel 

porous earthen-ware, containing a rod 
zinc. The space between the copper a 
the porous cup is filled with a solutioa 
of blue vitriol, which is kept saturated bj 
crystals of the salt lying on a perforatK 
shelf. The porous cup is filled with dilute 
sulphuric acid. The porous partition 
keeps the fluids from mingling, but does 
not hinder the passage of the cunent 

The blue vitriol in contact with the passive plate 

to take up the hydrogen. 

309. The Electric Battery. — Several cells joined* 
together constitute a battery. There are two ways in 
which the cells may be joined : (1) the zinc of the frit 
cell may be joined to the carbon of the second, and thi'l 
zinc oj the second to the carbon of the third, and st i 
on throughout, and the free carbon of the frst ceS \ 

joined to the free sine of the last by a wire, as in Fi(f"' 




* Instead of nitric Rcid, we may ui 



itrong sulphur 
e of potash. 



e of equal parlir 



: acid and a concentrated salution of bidiro- 
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^^5 ; or {2) the zincs may all be joined together, 
ifie carbons all Joined together, and then the zincs 
mhe carbons Joined by a wire, as in Figure 176, 

, Quantity and Intensity. — Arrange a battery of 

(cells according to the first method, and connect the 

■ by a short, tliick copper wire, which passes over a 

;, and observe how mucii the needle is turned aside, 

^e^ected. Then arrange the same cells according to 

; second method, and connect the zinc and carbon by 

; same wire ; and the needle "will be deflected more 

\ former case. When the batterj-, then, is 

jed according to the second method, the current 

\ the greater power to deflect the needle. 




\ If now the cells be again arranged in the Jirst way, 
Md a piece oiflne steel wire, two or three feet long, be 
put into the circuit, the needle will be deflected consid- 
trahly less than when the circuit is completed with the 
■short, thick copper wire; showing that the current is 
resisted in passing through the fine wire. If the same 
piece of fine wire be put into the circuit when the battery 
is arraiiged according to the second method, the needle 
"will be deflected considerably less than before ; showing 
that the current produced by the flrst form of battery has 
tie greater poTuer of overcoming resistance. 

The power of the current to deflect a needle is called 
Its quantity, and its power to overcome resistance in the 
lircuit is called its intensity, or its tension. 

The flrst form of the battery develops electricity 0/ 
'Ae greatest tension, and is called a battery ofl tension, or 
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as represented i 



intensity battery; while the 
form of tlie battery develops electricilj'] 
n the greatest quantity, and iscalWi 
battery of quantity^ or quantifs 
battery. 

When electricity in consideraH? 
quantity and of considerable tension 
i required, the two methods of of 
ranging the battery are comiituit 
' Figure 177. 
Conductors and Nan -Conductors. — If a piM 
of glass, sealing-wax, or dry wood be put into the circuit 
no current passes. Substances which -will not allow lit 
electric force to -pass through them are called nofi-co*- 
ductors; wiiile t/wse through •which it passes foeely art 
called conductors. Metals are generally good condut- 
tors. Copper is one of the best conductors, and is gei^ 
erally used for transmitting the electi^ic current. 

When the circuit is composed entirely of condueltfii 
it is called a closed circuit ; when there is a nan-condvt- 
tor in any part of the circuit, it is called aa op^ 
cuit. 

31a. The Rheotome and the Rheotrope. — An ins 
ment for breaking the current is called a rheotome,* 
name derived from two Greek words, and signifying 
current-cutter. An instrument for changing the di- . 
rection of the current is called a rheotrope; thatiS)* 
current-turner. These two instruments are often coB 
bined in one. < 

313. A Magnetic Needle tends to place itself < 
right angles -with a Wire through -which a CurrOt 
isjtowing. — If the current be made to flow over a nee^ 
from its north end to its south end, the north pole of 
needle will turn to the left hand of an observer wholJ 
facing that pole. If it be made to pass over the needl 
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a its south pole to its north, its north pole will turn to 
right. If it be made to flow under the needle, the 
1 pole will turn in just the opposite direction. We 
I, then, that the needle always tends to place itself at 
ight angles to a -wire through "which a current is 
wing. 

314. The Rheoscope, or Galvanometer. — An instru- 
ment used for detecting or measuring a current ia [ 

led a rheoscope., or a galvanometer. The first name | 
neans a current-examiner ; the second, a measurer o_f 1 
^~-'vaKisfn. Current electricity is often called galvan- 

, from its discoverer, Galvani. h 

If the magnetic needle used to detect the electricity 
(306) moves over a graduated arc, it will be found to 
le a greater number of degrees when the current 
jes entirely round it, than when it merely passes 
r it or under it. The effect is the same as if two 
currents of equal strength were passing over or under 
Ihe needle, and both in the same direction. Every time, 
berefore, tliat the wire conducting the current is coiled 
lound the needle, the effect of die current is multiplied. 
A current -which is too weak to dejlect the needle by 
limply passing over or under it, may be made to deflect 
it decidedly by coiling the conducting -wire many times 

i the needle. \ 

315. The Astatic Needle. — When a single needle is ' 
deflected by the current, the directive action of the 
tarth, which tends to make the needle take a north : 
md south position, offers a resistance to the deflection. | 

a order to neutralize this directive action, two needles 

f equal magnetic strength are fostened together, so 

^at the north pole of one foces the south pole of the 

~ er, as in Figure 17S. Since the earth will pull each.i 

of such a compound needle towards the nortiie 

■od towards the south with equal strength, it ^' 
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have QO tendency to point north and 
south. This needle is called an 
astatic needle (from a Greek word 
^Jl meaning unsteady) ; that is, one 
_„ having no directive power. An 
astatic galvanometer is one 10 
which the needle is of tills kind. 

316. TAe Hcsisiance of Conductors. — It has been 
proved that the resistances of wires of the same «a- 
terial and of uniform thickness to the current are in 
the direct ratio of their lengths, and in the invent 
ratio of the squares of their diameters. Thus a wire 
of a certain length offers twice the resistance of its hal^ 
thrice that of its third, and so forth. Again, wires of the 
same metal, whose diameters are in the ratio of t, 2,3, 
etc., offer resistances which are to each other as i, \, ^ 
etc. Therefore, the longer the wire, the greater the 
resistance ; the thicker the wire, the less the reststancci 



; holds true of liquids, but not with the & 



exactness. 



SUMMARY. 

A voltaic fair or cell consists of two plates, usually of 
metal, immersed in a liquid which will act chemically 
upon one of them. The plate acted upon is called the 
active plate, the other the passive plate. 

The two plates are called the poles of the cell ; ihe 
passive the positive pole, and the active the negativt 
pole. That which is employed to connect tfie poles is 
called the circuit. (306.) 

A force called electricity resides in a wire which con- 
ects the poles. Since this force seems to flow through 
fa,wire, it is called a current. We always consider the 
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ifrent as starting from tlie positive pole, and passing to 
e negative pole. (306, 311.) 

When two or more cells are connected, the apparatus 
called a battery. 

The carbon of one cell may be connected with the_zinc 
" the next, and so on throughout ; or the carbons may 
1 be connected, and also all the zincs. In the first case, 
le free zinc of the first cell and the free carbon of the 
are the poles of the battery ; in the second, the united 
constitute one pole, and the united zincs the 
(309-) 

The power of the current to turn a needle is called its 

fuantiiy; its power to overcome resistance, its intensity. 

The first form of battery gives electricity of greater 

intensity than the second form ; while the latter gives 

electricity of greater quantity than the other. (310.) 

Substances which allow the current to pass readily 
through them are called conductors ; those which will 
lot allow it to pass are called noM-conductors. A closed 
lircuit is made up entirely of conductors. If there is a 
ion-conductor in the circuit, it is said to be ofen. {311.) 
An instrument for breaking the current is called a 
rheoiome; an instrument for changing the direction of 
the current, a rheotrofe, (312.) 

A magnetic needle tends to place itself at right angles 
a wire through which a current is passing. The direc- 
)n in which the needle turns depends on the direction 
' the current, and upon the position of the needle wife 
reference to the wire. {313.) 

An instrument for indicating and measuring the cur- 
Tent is called a rkeascope, or galvanometer. (314.) 
The resistance to the deflection of the needle caused 
' the magnetic attraction of the earth is neutralized in 
le astatic needle, which is therefore more sensitive to the 
'Action of the current. (315-) 
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The cfTect of the current upon a needle is multiplied by 
coiling the wire round tlie needle. (314.) 

The resistances of wires of the same material and 
thickness are direcUy as their lengths, and inversely at 
the squares of their diameters. (316.) 

ELECTRO-MAGNETISM. 

317, TTte Current can make Iron magnetic— Mt 
part of the wire of the circuit be wound into a coil, 
a piece of soft iron placed inside this coil becoma 
strongly magnetic -while the current is passing, and 
is called an electr^-magnet. The coil is called a hdit. 
When the current passes through the coil in the ditto 
tion of the hands of a watch, the end at which it enten 
will be a south pole, as in Figure 179; so tiiat) ^ 



reversing the current, the poles of the eleclro-magn^ 

■will be reversed. 

When the current is broken, the soft iron instantiy 

loses its magnetism. A steel rod retains its magnetism 

after the current is broken. If the wire is wound around 
Fig. iBd. ^^ ■'■'*•* '" several layers, the strength 

of the magnet is greatly increased. 

The strongest electro-magnets are 
of the horseshoe form. They f^f 
exceed ordinary, magnets in power. 
Small electro -magnets have been 
made which support 3.500 times 
their own weight, and lat^ ones 
which hold up a weight of 3,500 

pounds. These magnets are much stronger when pro- 
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^ded with a keeper, or armature; that is, a piece of 
aojt iron to connect the poles, as in Figure iSo. 

318. The Wire through which a Current is passing 
is a Magnet. — K the current he sent tiirough a coil 
luch as is shown in Figure iSi, and the end Fig. isi. 

1 rod of soft iron be brought near the 
opening in the centre, it is at once drawn 

;o the coil. Coils have been made which I 
would draw up a weight of 600 pounds. 

If the ■wire joining the poles of a battery I 
is brought in contact with fine i 
■tiiey adhere to the wire ; showing that any 
'Vire through -which the current is Jlcnoing 
« nuignetic, 

• 319. Electricity as a Source oy Mechan- 
ical Power. — All the electro-magnetic ma- 
s which have been invented for doing 
leork, depend on the property oj" an electro- 
magnet to acquire or to lose its magnetism when the 
Vrreni Jloivs or is interrupted; or to reverse its poles 
when the direction of the current changes. 

Page's rotating machine (Figure 1S2) illustrates one 
Method of making the electric force 
do work. It consists of a horseshoe 
bagnet, in the axis of which is an 
Inpright shaft. To this a piece of 
«oft iron is fixed, with its ends fa- 
cing the poles of the magnet. The 
r »ft iron is surrounded with a coil 
■ of copper wire, so that it is an elec- 
' tro-magnet. The ends of the wires 
of the coil are fastened to two metal- 
lic strips, which are attached to the 
shaft. The current comes to the 
coil through two springs which 
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press against tliese strips, and which act as a rheotrope 
to reverse the current when the shaft has turned half-way 

The macliinc is so arranged that, at starting, the poles 
of t!ie two magnets facing each other are of the s 
kind. They tlicreforc repel each other, and when the 
shaft is once started, they send it around n quarter of 
the way ; then unlike poles begin to approach each 
other, and tl^eir attraction causes the shad to complete 
half a rotation. The current then changes its directiau, 
tlie poles of the electro-magnet are reversed, and like 
poles again face each otlier and are repelled, 
rotation is kept up bv the self-acting rheotrope. The 
shaft may be made to rotate 2,000 times a minute, caus- 
ing 4,000 changes of polarity in that brief tiin 

3^0. Electric Clocks. — The electric force has also 
been used to regulate the movements of clocks, called 
copying clocks. They are of the usual construction, 
except tliat tlie pendulum balls are hollow coils of 
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copper wire, which become mag- 
netic when a current is sent throng 
them. In Figure 183, It represents 
a part of the rod, and B the ball, of 
such a pendidum. Permanent mag^ 
nets, ^5" and S JV, are fastened* 
against tlie sides of the clock-casel 
opposite the ends of the coil A 
with like poles towards the coil. 
The hollow of the coil, as it swings, 
can pass a little way up the length of each magnet. Ifi 
"he south poles of the magnets are turned towards the'4 
X^, as in the figure, and a current is sent through the'! 
one end of the coil becomes a north pole, which it 
■d by the magnet near it, and the other end a 
pounds, lie, which is repelled by the magnet near it. 
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Its attraction and repulsion both tend to send the 
il in one . direction. If, now, at the instant that B 
drawn to one side, the direction of the current is 
anged, t!ie poles of the coil are reversed, and it is 
rried to the other side. The pendulum thus vibrates 
try time the current is reversed. This is done by 
sans of a regulating clock. Every time the pendulum 
this clock vibrates, die current is reversed ; so that 
; pendulums of all the copying clocks vibrate exactly 
the same rate as the pendulum of the regulating 
ock. 

Figure 184 shows one of the ways in which the pendu- 
A, of the regulating clock can change the direction 

Fig, tU 
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of the current. The spring e is connected with the neg- 
ative pole of the battery G, and the spring d with the 
positive pole of the battery F. The other poles of these 
batteries are connected with the plates m and «, buried 
in the earth. B aiid C are the pendulums of the copy- 
ing clocks. When the regulating pendulum touches the 
spring </, the current flows through the wire from A to 
B and C; when it touches the spring c, the current flows 
first through the earth from « to o, and then through the 
wire from C to A. The permanent magnets connected 
with the pendulums B and C do not appear in 
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321. Tike EiectHc Telegraph. — Am instrument for 
sending signals between distant stations isaralled a tdt- 
graph. The word means -writing at a distance. 

Fmir things are essential in everj' electric telefjraph; 
(i) a batttrry for generating electricity ; (z) wires to coo- 
duct the electrici^i (3) an instrument for sendit^ thr 
message ; and (4) an instrument for receiving the mes- 
sage. 

The battery used is, in almost all cases, a voltaic liat- 
tery. The sending instrument is merely a key for open- 
ing and closing the circuit, or for changing the direction 
of the current. The receiving iiiBtrument, in the neeMt 
telegraph, is a magnetic needle, which by its move- 
ments indicates the message seuL In Saints ehemUal 
telegraph, an iron point makes blue marks on papet 
by the action of the current upon a compound (prus- 
GJate of potash) with which the paper has been moisl- 
ened. 

322. Morse's Telegraph. — This telegraph depeiils 
on the power of the current to develop magnetism in 
soft iron, and hence is called the electro-magnetic tele- 
graph. 

The essential parts of the receiving instrument «e 
shown in Figure 185. One of the screw-cups at the' 
right is connected with the ^vire from the distant statioitt 
and the other with the earth. The current traverses tbe 
coils of the electro-magnet, and draws down tlie keeper* 
and the arm of the lever to which it is attached. The 
other end of the lever is raised, pressing a steel point, ofi 
style, against a strip of paper, which is unrolled from 
the bobbin above, and moved steadily along by dock* 
work not represented in the figure. When the current' 
from the distant station is broken, the shorter arm of thftt 
lever is released by the electro- magnet, the longer anal 
falls back by its weight, and the style ceases to presM 
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gainst the paper. If the stjle is raised for a moment 
■nly. a dot is made ; if for a longer time, a dash. Tiie 
ilpkabet used is made up by Ihc combination o/ dots 

9nd dashes. 

323. TAe Earth may serve as a Telegraphic Wire. 

—One wire is sufficient to connect two telegraph sta- 




ins, if its terminations be formed by two large plates 

iried so deep that the earth abont them never gets 

y. The earth serves the purpose, not only of a second 

\vire, but of one so thick that its resistance is next to 

nothing (316). 

324. The Relay. — On long circuits there is a great 
loss of electricity by leakage on the way, so that a cur- 
rent strong at starting becomes very weak before it 
reaches tlie station to which it is sent. On such circuits 
UBual to work the receiving instrument by a local 
■tarrent, and to include in the line circuit a very delicate 
linstniment, called the relay, which has only to make or 
the local circuit. The electro-magnet E, of the 
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pial-box, the circuit is opened and closed in such a way 
) telegraph to Clie central station the number of the 
When, therefore, a fire occurs in the neighborhood 
ly box, the box is opened, the crardc turned, and the 
\ber of the box telegraphed to the central station. 
rhis station is aiso connected by wire circuits with beils 
p different parts of the city, and the operator, by means 
e electi'ic force, rings on these bells the number of 
ox, so that tlie firemen know at once the neighbor- 
d to which they must go. 

f (he number of the box is ten or less, it is indicated 
f a corresponding number of strokes on the bell. If 
^ X)ve ten, the digits of the number are indicated by 
^riking the numbers corresponding to them with a 
short pause between. Thus to strike the number 35, 
two blows would be given, and then after a pause five 
more. Numbers containing ciphers and those made up 
f figures repeated, as 22, 33, etc., are not used for the 
^nal-boxes. 




SUMMARY. 



e through which a current flows is r 
lagnetism appears much stronger whi 
l)ent into a coil, or helix. 

current sent through the wi 
magnet made in this way \ 
i much stronger than 



1 the wire 

is placed inside a coil and a 
e, it becomes magnetic. A 
; called an electro-magnet, 

,ry magnet. 



If the core of an electro- magnet is of s 
magnetism can he destroyed by breaking the current, 
and the poles can be reversed by changing tlie direction 
•rf the current. If the core is of steel, it retains its maff- 

a permanently. {317, 31S,) 
^.J'age's rotating apparatus illustrates one of the ways 
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in which the electric force may be made ba do mechanical 
work. (319.) 

The" electric force has been used for regulating the 
motion of clocks. (320.) 

Four things are essential in an electric telegraph; a 
battery, a conducting wire, a sending' instrument, and 
a receiving instrument. (3^1-) 

Morse's telegraph depends on the power of the an- 
rent to develop magnetism. (322.) 

The main battery is made to work a relay magnet, and 
a local battery to work the recei\-ing instrument Bj 
means of the relay magnet the operator can open and 
close the circuit of the local battery at a distance. (324O 

The electric fire-alarm is another form of the electr* 
magnetic telegraph. (3Z5>) 



ELECTROLYSIS. 

326. A Compound may be decomposed hy ike Cvf- 
rent. — A compound substance, as water, may be decomF 
posed, or separated into its elements, by the electric 
current. This decomposition by electricity is called 
electrolysis. The literal meaning of the word is loosen- 
ing by electricity. The substance decomposed is called 
the electrolyte. The metallic conductors through wMch 
the current passes into and out of the electrolyte are 
called electrodes {roads of electricity). That through 
which the electricity ^ojjej in is termed the anode {road 
up) ; and that through which it passes out, tlie cathode 
(road do'j.-n). The electrolyte is always separated into 
two parts, one of which appears at the anode and the 
other at the cathode. 

Water is a compound of two gases, oxygen and hydro- 
gen, into which it can be separated by electrolysis. The 
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bn appears at the anode, and the hydrogen at the i 
Ide. I 

^ery compound liquid -which is a conductor of elec^ 
Jy may be decomposed by the current. Solid coin- 
^s are not thus decomposed. ' 

I. The Electrolysis of Slue Vitriol. — If two eleo j 
B of platinum be put into a solution of blue vitriol 
jire i8^), bubbles of gas rise from the anode. This 
b found to be oxygen, which is one of the elements ' 
Rblue vitriol. On removing the cathode pig ,gj 
"tiie solution, it is found to be coated 
'^pper, which is another clement in tJie 
Vitriol. If one of the electrodes be of 
turn and the other of copper, and the 
Him be made the anode, the same results 
ibtained. If, however, the copper be 
\ the anode, the cathode is still coated 
copper, but no gas escapes from the anode. In this | 
the anode is gradually dissolved in the liquid, and 
jerred to the cathode. 
%en any compound containing' a metal is decom- 
\ by electricity., the metal always appears at the 
Be,* and if the anode be of the same metal, it is 
ffally transferred to the cathode. 
y, Electrotyping. — When the solution of blue vit- 
I decomposed slowly, the copper is deposited on the 
Be in a tenacious mass, which, when stripped off, 
kts a perfect reverse image of the face of the cath- 
tff this reverse image be now made the cathode, and 
6r sheet of copper be deposited upon it, an exact 
ff the original electrode is obtained. Any con- 
^ substance may be made a cathode by simply con- 
fe it with the negative pole of the battery. Hence 
^medals, and engraved plates may be copied with 
t accuracy, and with but slight trouble and expense. . 




Tlys ynctm of copyimg by tmeams of dedria 



The &oe oi a medal mmj be copied by makiag) 
t ^^rt "*"**!^ imd dtpoesting a fdieet of copper ufOL 'i^ 
then dcpofiiting anotiber sheet of copper upoa tbii i 
a&er it has been s^Miated from the nie< 
honnrrcr, a mould of the thing to be copied is fintl 
in some soft sobstince, such as plaster, 
wx^ and this nnould is made the cathode. Ktiie 
is madeof non-condncting material, as isusnall^di 
its ss&oe mcost be covered with some coiidDcting 
^fTT'^r^-x as poirdered graphite. 

One of the chief uses of electrotypii:^ is in 
's tyfe after it has been set up, and ia 
ta^rmvimgs^ This book is printed froii 
copies, or tiectrotype fhUes. An impresaoa is 
of die trpe or the engravii^ in wax, which is 
bmshed owr with powdered graphite, and madi 
cathode; tat electro^rte is blue vitriol, and thi 
a pkce of copper. 

5*^ '£:Uctro'pUtimg^. — T\ns is tJke art of 
tkf hASitr tmetals vitk stiver by the electric airrti^ 
Articles to be electro-plated are generally made 
briMize. copper, or nickel silver, this last being 
materiaL 

The bath is a large txxMigh of earthen-w^are or odMf 
non-conducting substance. It contains a w^eak sohilioi 
of argentic cyanide (cyanide of silver) and potaiB 
cyanide (cyanide of potassium). A plate of silver foco 
the anode ; and die articles to be plated, hung by win 
to a uKial ix>d lying across tiie troii^h, constitute d 
cathode. When the former is connected with the positii 
pole of a batt^n^ and the latter with the negative pol 
the silver of the c>*anide begins to deposit itself on tf 
suspended articles; while the sUver anode is dissohi 
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337), fumishing a fresh supply of cyanide. The thick- 
ness of the plating depends on tlie length of time tlie 
ftrticles are immersed. 

330, Electro-gilding. — This process is essentially the 
tame as electro-plating, except that the articles are coated 
*rith gold instead of silver. The electrolyte is some com- 
.^ound of gold, and the anode is a lump of gold. 
" 331. Electro-metallurgy. — The art of depositing^ by 
feetro-chemical action, a metal on any surface fre- 
'tared to receive it, is called electro-meia/lurgy. There 
re two kinds of electro- metallurgy, one of ■which is illu^- 
rated by electrotyping, and the other by electro-plating. 
^lie former includes all those cases in which the coating 
tf metal merely adheres to the surface on which it is 
deposited, and is afterwards stripped off"; and the latter, 
HI cases in which die two metals combine with each 
Iher, and the coating remains permanently iixed. Gold, 
llatinum, silver, copper, zinc, tin, lead, cobalt, and nickel 
an be deposited by electrolysis. 



SUMMARY. 

' When any compound liquid which is a conductor of 
electricity forms a part of the circuit, it is decomposed. 
This decomposition by electricity is called electrolysis. 

When the electrolyte contains a metal, this always 
appears at the cathode ; and if the anode is of the 
ftme metal, it is gradually dissolved and deposited on 
ihe cathode. Advantage is taken of this fact in electro- 
typing, electro-plating, and electro-gilding. (336-330.) 

In electrotj'ping, the metal deposited on the cathode 

merely adheres to it, and is afterwards removed; in 

itro-plating and electro-gilding, it permanently cotn- 

■with the metal on which it is deposited. (331.) 



SI.ECTItlCITY. 



POWER OF THE CURRENT TO DEVELOP 
HEAT AND LIGHT. 

332. Meat is developed by the Current. — Wben 1 
current passes through fine wire, an intense heat is pro- 
duced, sufficient in some cases to bring it to a white bent, 
and even to ftise platinum wire. If the -wire be kept ikt 
same, or of the same resistance., the heat is in frapt' 
tion to the square of the strength of the curivnt. 
Thus, if a current of a certain strength raise tlie teift- 
perature 1° in a minute, a current of twice the atrength 
will raise it 4° in a minute. 

Again, if the strength of the current be kept the same, 
and -wires of different resistance be tried, the ieal 
developed is in proportion to the resistance of lit 
■wire. Thus, if with a certain wire the temperatutS 
be raised 1° per minute, it will be raised 2° per mini 
with a wire of double the resistance. 

Hence the heal developed in a conducting -wire by ■ 
electric current is proportional to the sguares of tkt 
strengths of the current, and to the resistance offefti 
by the ivire. 

The pow^er of the current to ignite fine wires of com- 
paratively bad conductors, such as steel and platinum, ii 
used to explode gunpowder at a distance, in blasting and 
mining. The current is transmitted to the point whei* 
the explosion is to take place by good conducting wireS^- 
the ends of wliich are connected in the gimpowder Iq* 
fine steel wire. When the current is sent through ths 
wires, the fine steel wire bums up and explodes the guJ 
powder. 

333. The Electric LigJit. — When the poles of 
powerful battery are made to touch, and then art 
separated a little, the current forces its way thraugi 






ELECTRICITY. 2I9 

^e intervening air^ producing intense light and heat, 
^he heat is sufficient to melt the most refractory metals, 
nd therefore some very infusible conductor must be used 
:>r the poles. The best, both for conducting power and 
iurability, is the coke carbon formed in the distillation of 
oal-gas. 

When points made of this carbon are used as the 
K)les, and are separated a little, while a strong current 
5 passing through them, a light appears between them 
ivalling that of the sun in purity and splendor. This 
ight arises chiefly from the intense whiteness of the tips 
f the carbon points, and partially from an arch of flame 
xtending from one to the other. 

The heat of this arch of flame, or voltaic arc^ as it is 
ailed, is the most intense that can be produced, Plati- 
lum melts in it like wax in the flame of a candle, 
^artz, the sapphire, magnesia, lime, and even the 
liamond, are readily frised by it. 



SUMMARY. 

When the current passes through a conductor, heat is 
eveloped. The heat is proportional to the square of the 
trength of the current, and to the resistance offered by 
le conductor. 

By introducing a poor conductor into any part of the 
ircuit, heat may be developed at that point. Advantage 
\ taken of this fact in exploding gunpowder at a dis- 
ince, and in producing the electric light. (332? 333«) 

MAGNETO-ELECTRICITY. 

334. An Electric Current may he induced by a 
Magnet. — Attach the lifting-coil to the galvanometer, 
lace die rod within the coil, and bring it quickly in 



contact with tlic pole of an excited electro-magnet 
Magnetism is developed in the rod, and the galvunom- 
eter shows a current in the wire of the coil. The 
needle soon returns to its former position. Now quicklj 
detach the rod and coil from the magnet. The rod lose* 
its magiietism, and the galvanometer shows a current in 
the coil, but its direction is the opposite of that of dx 
former current. 

Electricity thus originated by a magnet is said to b( 
induced by it, and is called magneto-electricity. ' 

335. Magneto-Electric Machines. — An instrumoA 
for developing magneto-eleetricity is called a magnet> 

electric machine. In ordinary machines of this kind, the 
electricity is induced by an electro- magnet, ■whose VCA^ 
netism is alternately developed and destroyed by metiV 
either of a permanent mngnet or of an electric current. 

336, Induction Coils. — When the mag^ietism is d* 
veloped and destroyed by means of a current, the loft 
iron must be placed inside a coil through -which lit 
current is sent. This is called the primary coil, and 
must be placed inside another coil, called the secondary 

J- jjg^ coil, which serves as f 

r conductor of the i«- 

^^^^ duced electricity. Suck , 

^^^^^ a magneto-electric mft' 

W^^r chine is called an i*- 

^ ^^1 duction coil. In the 

Bi ^^^1 one shown in Figure 

ft . ^^H 188, the primary coil 

^^^S^^S^B^^H^^^ft tached to the woodeB 
^^f^^t^^KKK^KtK^^ l^^^c the instrument- 
The secondary coil il 
o£ finer silk-wound wire, much longer than tbe primiuj^ 
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Within the primary coil is a bundle of iron wires, 
which are sufficiently insulated by the rust tliat gatliers on 
them. The developing of magnetism iu tliese wires is 
the chief aim of the primary coil, and, as this requires a 
strong current, coarse -wire is used in that coil. In tlie 
secondary coil, the aim is to increase the tension of 
the induced current, and Jine wire is used, so tltat as 
many turns as possible may be brought within the in- 
fluence of the primary coil and its core ! for it is found 
that the tension o^ the induced current is -proportional 
^- the strength of the primary current^ and to the 
W/jMre of the resistance in the secondary coil, 
Hkn order to obtain the greati^st effect from the secondary 
^Ml, it is necessary to have some means oj" rapidly com- 
pleting and breaking the primary current. This is 
done either by means of the rasp seen behind the coils, 
c by the self-acting rheotome at the left hand. 
^37- The Inductorium, or Ruhjnkorff's Induction 
'oil. — The essential parts of this apparatus, like those 
le just described, are a primary coil, -with its 
I of iron •wire, and a secondary coil outside the 
mary and insulated Jrom it. The primary coil 
mected with a galvanic battery, and a rheotome 
1 to interrupt the current, as already explained. 



SUMMARY. 



4 



Electricity can be developed by magnetism, and is 
ien called magneto-electricity. In all ordinary mag- 
neto-electric machines the electricity is induced by an 
electro-magnet, which is excited either by means of a per- 
manent magnet, or of the electric current. Iu the latter 
case, the machine is usually called aUi^j 'j-gj of glass 
nC334-3370 jf silk or flannel, 
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THERMO-ELECTRICITY. 

338. Electricity may be developed hy Heal.—Wsa 
the point of junction of aay two metals is heated, a cur- 

»Tr. Ik. '"'■'It is always produced. When a bat of anti- 
mony, A., is soldered to a bar of iiismutli, B 
(see Figure 189), and their free ends 
nected with a galvanometer, G, a current 
passes from the bismuth to the antimony when 
the junction is heated. When S is cooled bf 
applying ice, or otherwise, a current 
opposite direction is produced. Such 
bination of metals is called a thermo-eleclnc 
fair. Electricity thus developed is called Ihtr- 
mo-c/ectricity {^heal electricity). 
Farmer's alloy (of zinc and antimony) forms a 
more powerful pair with bismuth than antimony 

339. The Tkcrmapile. — Oa^ bismuth-antimony pair 
has very little power. To obtain a stronger current, sev- 

Fig. 190. ^'■*1 pairs are united, as shown in Figure 

190. The heat in this case must be 
applied only to one row of soldered 
faces. The strength of t!ie current de- 
pends on the difference of temperature 
of the two sides ; and to increase it to 
the utmost, one series must be kept ia 
ice or in a freezing-mixture, whilst the 
other is exposed to an intense heat. As 
in the galvanic batteiy, the electric force 
proportionate to the number of pairs. 




191 represents a 
"~ thermopile. 

of finer silk-woiFigure igo. 



form of thermo-eleci' 
It consists of thirty pairs, 
Tlie binding-screws are 
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^nnected with the bars at die ends of the series. The 
>ars are separated by a non-conducting substance, as 
!3T)sum, and the frame is made of- f^ ,,,. 

icn-conducting material. 

The thermopile, in connection 
Jvith a sensitive galvanometer, 
iirms tie most delicate of differ- 
vitial thermofneiers (291). So 
long as the opposite faces are ex- 
posed to the same temperature, no 
current is produced ; but if the temperature of one 
ude becomes higher than that of the other, a current 
is at once indicated. If the hand, for instance, be 
Wight near one side, the needle show^s a current ; or 
if a piece of ice be held near, a current is also shown, 
but moving in tlie opposite direction. 




SUMMARY. 

Heat has power to develop electricity in a combination 
of different metals. Electricity thus generated is called 
thermo-electricity. (338,) 

The thermopile is a very sensitive differential ther- 
Uometer, since a current is developed by the slightest 
lifierence of temperature between the two faces. (339-) 



FRICTIONAL ELECTRICITY. 

340. Electricity may be developed by Friction. — 
A^hen a cat's back is stroked on a cold, dry day, in a 
larkened room, sparks are obtained which indicate the 
levelopment of electricity. If a weil-dried rod of glass 
ir gutta-percha be rubbed with a piece of silk or flannel, 
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similar sparlis appear. Electricity tlius developed h)\ 
Jrictton is csi\^A frictional electricity. When any two I 
dissimilar bodies are rubbed together, electricity is de- I 
veloped; but vihen the substances are conductors, the I 
electricity passes off silently through the haiids and I 
body. In order to detect it, the substances rubbed to- I 
gether must be held by insulating handles ; that is, Mie \ 
conducting handles. 

341. The Electrical Machine. — An apparatus fat 
generating Jrictional electricity is called an eleciriail 
machine. The one shown in Figure 192 consists of > 




thick plate of glass turned by a crank. At one end dieiA J 
> standard surmounted by a brass ball. Fronia 
this standard project two brass strips in the form of tlfl 
clamp, which hold tjie rubbers against the glass platbl 
These rubbers are pieces of wasli-leather or woollen^ 
cloth, covered with an amalgam of mercury, lead, and 
fan. A t the opposite end, on a glass support, is ! 
cylinder of br» "^s with rounded ends, called the pri 
positive coiv-woiPi'' The brass ball connected with the < 
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18 the negative conductor. The plate and con- 
ictors of tlie machine must be well insulated. 
343. ^antity and Intensity of Frictional Elec- 
■icily. — With a medium-sized machine of this kind, 
«riw are readily obtained two inciies long by bringing 
conducting substance near tlie ball of tlie prime con- 
ictor. Very large machines will give a spark two feel 
I length. Frictional electricity, then, must have great 
itensity, in order to traverse so great a distance of a non- 
mducting substance like the air. Its quantity, on the 
her hand, is next to nothing. This is shown by con- 
acting the positive conductor with one end of the wire 
' a moderately delicate galvanometer, and the negative 
inductor with the other end, and working the machine, 
"he needle will be turned aside scarcely at all. T'/ie 
'eat tension and the small quantity of frictional elec- 
icity place it in strilcing contrast with voltaic electricity. 
Tiie positive conductor of an electrical machine an- 
twers to the positive pole of a galvanic battery, and the 
negative conductor to tlie negative pole, and tlie friction 
on the plate to the chemical action in the cells. With 
galvanic battery an enormous quantity of electric- 
ity is obtained of slight tension; with the electrical 
naciine, a small quatitity, of enormous tension. 

The Electroscope. — If a pith ball hung by a ailk 
llirqad from a glass rod be brought near the ball of a 
irime conductor, it is at first attracted and Fig. 193. 
then repelled. This po-wer of attracting 
Ught bodies is a marked feature of frictional 
electricity. It furnishes the most ready 
Ktans of detecting the presence of this 
tlecirieity, as the needle furnishes the most 
ready means of detecting voltaic electricity. 
An instrument for the detection of fric- 
tional electricity is called an electroscope. 
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T\ic pith-iaU electroscope (Figure 193) consists of i 
brass conduct ing-rod supporting a graduated seraicirclf 
Fj). .94- in tlie centre of which is a movable inde 
made of very light wood, with a pitli ball 1 
tlie end. When it is attached to tlie prira 
conductor of the machine, the pith ball ian 
pelled as soon as the plate is turned. 

The gold-leaf electroscope (Figure 194) . 
more sensitive. It consists of a hollow glw 
ball, through the cap of which passes H braa 
rod having a brass ball at its upper end afii 
two narrow strips of gold-leaf bung from its lower eni 
If tlie brass ball be brought near a body charged with 
electricity, the strips of gold-leaf repel each other, as in 
the figure. 

344. The Electrical Forces on the Posttive and^^'. 
alive Conductors act in Opposite Directions. — Insu- 
late both conductors, and charge them with electrici^. 
Bring a pith ball suspended by a silk thread in contact 
with the positive conductor, and it will be repetlei 
Take it now to the negative conductor, and it will tnJ 
strongly attracted. A ball which is repelled by the forofl 
on one conductor is attracted by the force on the othd'y 
in other words, the two forces act in opposite directions. 

345. Both Electrical Forces are al-ways developfd 
together. — It is impossible to develop one of these forces 
without at the same time developing both. One force 
always appears upon one of the substances rubbed to- 
gether, and the other force always appears upon the 
other. The force that acts in the same -way as ti 
upon the prime conductor of the machine is called ^1 
live electricity, and the opposite force is called negat 
electricity. In order that both the forces should be ^' 
tected, both the substances rubbed together must be 
iiiaulated. 
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L346- Induction. — If an insulated copper ball be con- 
tected with the prime conductor Fig. 195. 

when charged, and a small insulated , — 
conductor be placed near it (Figure 7s~ 
195), opposite electrical forces wiU 
"be developed npon the ends of the 
insulated conductor. On the end 

t the ball, negative force will be found ; on the end 

[heat from the ball, positive force. This action of a 

vtrged body upon a body near it is called induction. 

liVien the two opposite Jorces exist oh a conductor-, it 

■said to be polarized i "when only one force exists on 

Tto be charged; and -when no force exists on it, to be 

Ufral. Wlien a force -which has been developed on 

I insulated conductor passes off, it is said to be dis- 

\ftrged. 

[47, The Charge on a Solid Insulated Conductor is 

ways on the Surface. — To an insulated copper ball 

i carefully fitted two hemispherical metallic caps pro- 

Ifided with insulating handles. The caps are placed 

upon the ball, and the whole apparatus is charged. 

The caps are then removed, and are found to be 

charged, while not the slightest trace of a charge is 

"^ mnd on the ball. 

LWhen a spherical conductor is charged and placed in 

le centre of a room, the charge is distributed uniformly 

r its surface; if the conductor be oblong, the charge 

cumulates at the ends. 

L34S. The Leyden far. — The Leyden jar is a wide- 

iDuthed jar of thin glass, coated with tinfoil on both 

: to within an inch or two of the top, and closed 

jdth a stopper of cork or dry wood, through which a 

ass rod passes, terminating outside in a ball, and con- 

Kted inside with the tinfoil coating. The jar is charged 

\ connecting its outer coating witli one conductor of an 



J 



SSS SLBCTKfCTfT. * 

electrical machine in action, and the inner coating widi 
tlic other. Each surface of the glass becomes cliarged 
with the same electric force as the conductor witli which 
it is connected. The coatings serve merely to conduct 
the electricity over the surface of the glass in cha^ng 
and discharging the jar. 

The jar may be discharged by means of the discharger^ 
which consists of two bent brass arms connected by t 
movable joint and having brass balls at their ends. It is 
fastened at tlie joint to a glass handle. To discharge the 
jar. hold the discharger by the glass handle, and brinj 
one ball in contact with the outer coating and the other 
ball near the knob connected with the inner coating, 

34g. 7%c Leyden Battery, — The amount of charge 
which a Leyden jar can receive, other things being equal, 
evidently increases with the size of tlie coatings. The 
area of the coatings can be most conveniently increased 
by connecting together several jars as a Leyden i>atterf> 
Like the cells of the voltaic battciy (309), the jars can be 
connected in two ways: (r) the outer coating of otw 
may be connected with the inner coating of the neirt, 
and so on throughout the series ; or (a) the outer coat- 
ings may at! be connected together, and also the inW( 
coatings. In the first case, the battery is discharged by 
bringing the inner coating of the first jar in contact witii 
tlie outer coating of the last ; in the second case, by 
bringing the connected outer coatings in contact with to 
connected inner coatings. Like the voltaic battery, when 
the Leyden battery is arranged in the Jirst way, it gives 
electricity 0/ the greatest intensity; and, in the secani 
way, electricity of the greatest quantity. 

350. The Effect of Points on a Conductor,- 
impossible to charge a conductor when a sharp point | 
projects from it, or is held near it, Tiie point conveys 
away the electric force silently. If the hand be held in 
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fiont of the point when the electricity is developed, a cur- 
rent of air is distinctly felt setting off from the point. If 
a lighted taper be held near the point, the flame is blown 
away from it. The electric force is carried off by the 
molecules of air which form the current^ and hence it is 
called convective discharge. Since in a darkened room 
a star of light is seen upon a point held near an elec- 
trical machine in action, this silent discharge is also 
called glow discharge. 

The charge rises so high at the point that the molecules 
of air just about it are strongly polarized. They then 
act like little pith balls, being first drawn to the point 
and then driven from it, thus producing the current of air. 

351. The Electric Wheel. — As each molecule is re- 
pelled from the point, // also repels the point itself 
'which ^ if free to move^ will he set in motion* pjg ,^ 
This is shown by the electric wheel (Figure <A(^ 
196), which consists of a number of points all 
bent round in the same direction. The wheel 
is poised so as to turn easily, and when con- 
nected with the prime conductor of the machine 
in action, it rotates rapidly, each point moving back- 
Wards. 



SUMMARY. 

When unlike substances are rubbed together, fric'^ 
tional electricity is developed. (340.) 

Frictional electricity has slight quantity, but enormous 
tension ; while voltaic electricity has slight tension, but 
enormous quantity. (342.) 

Two opposite electrical forces are developed on the 
two conductors of the electrical machine ; and one 
cannot be developed without the other. (344? 3450 ' 

A body is polarized when it has opposite electric 
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forces developed on opposite parts ; it is charged when 
it has only one electrical force upon it. 

A body charged with either electrical force polarizes 
an insulated conductor near it, inducing upon the face 
nearest itself the opposite electrical force. (546.) 

Each surface of a Leyden jar becomes charged with 
the electricity of the conductor with which it is con- 
nected, the tinfoil serving to distribute the electrici^ 
over the surface. The jar is dischai^ed by connecting 
the two coatings by a conductor. (348.) 

The action of points on charged bodies is to convey 
the charge off silently by convective discharge* (350*) 

None.— A brief account of Atmospheric Electricity will be 
found in the Affendist^ pages 256-261. 
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: PHYSICS OF THE ATMOSPHERE. 

TEMPERATURE OF THE ATMOSPHERE. 

1. Composition of ike Atmosfkere. — The atmosphere is a 
^seous ocean surrounding the earth to the depth of about fifty 
miles. It is mainly a mixture of two gases, nitrogen and OMygen, 
in the proportion of 79.1 parts of the former to 20.9 of the latter. 
It contains also a little carbonic acid and a variable amount of 
watery vafor, 

2. The Air receives its Heat directly or indirectly from the 
Sun, — A part of the solar rays are absorbed \n passing through 
the atmosphere. It thus becomes warmed directly by solar 
radiation. A part of the rays fall upon the surface of the earth, 
which absorbs them, and thus becomes heated. This heat is 
then radiated back again, and is absorbed by the air, which thus 
becomes heated by terrestrial radiation. 

Owing to the greater specific heat of water, the sea becomes 
less heated during the day than the land does. Again, it is a 
poorer radiator than the land. Hence, the terrestrial radiation 
from the land is much greater than from the sea. 

The watery vapor in the air allows the rays of the sun to pass 
readily through it on their way to the earth, but it will not allow 
them to pass back again when they are radiated from the earth 
as obscure heat. The sunbeams are thus caught in a trap from 
which they cannot escape. 

This is the main reason why it is warmer at the base of a 
mountain than at its top, where the solar radiations are more 
powerful. In the upper regions of the atmosphere, there is less 
Watery vapor to absorb the terrestrial radiations. 
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3. The Daily Variation of Temperature. — The temperature 
is greatest f not at noon, but two or three hours later ; and leasts 
not at midnight t but an hour or two before sunrise. During the 
forenoon, the earth receives more heat than it radiates. In the 
afternoon it begins to receive less heat, but for two or three 
hours it still receives more than it radiates, so that it g^ows hot- 
ter and gives out more heat than at noon. During the night, it 
receives no heat from the sun, and gives out less and less till 
about an hour before sunrise, when the heat it receives from the 
returning sun again equals what it radiates. 

4. The Distribution of Temperature in the Atmosphere. — VoA 
highest temperature of the earth is found to be in an irregular 
belt lying within the tropics. The warm belt is continually shift- 
ing its position, passing northward with the sun until midsum- 
mer, and then southward again until midwinter. 

From the warm belt, the temperature diminishes towards tU 
poles. In the southern hemisphere, which is nearly all water^ it 
shades of[ gradually and regularly; in the northern, where there 
are large bodies of land, the changes are quite irregular. In 
the summer the atmosphere over the continents becomes much 
hotter than over the ocean, owing to the greater radiation from 
the land; while in the winter the air over the continents is much 
colder than over the ocean, since the land has cooled down faster 
than the sea. 

The distribution of heat is also modified hy the oceanic cut' 
rents and the prevailing winds. The Gulf Stream and the south- 
westerly winds keep the temperature of western Europe much 
above that of the eastern coast of America in the same latitude. 
For a similar reason, the western coast of America is warmer 
than the eastern coast of Asia. 

ATMOSPHERIC PRESSURE. 

5. The Daily Variation of Atmospheric Pressure. — The ba- 
rometer shows two maxima and two minima of atmospheric pres- 
sure during the day : the former occurring from nine to eleven, 
A.M., and from nine to eleven, p.m. ; and the latter from three to 
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:, A.M., and from three to five, p.m. These variations are 

ch more marked in tropical regions than elsewhere. 

S. The Distribution of Atmospheric Pressure, — In general, 

• 

:re is an irregular belt of low pressure within the trofics, 
tuded on each side by a broad belt of high pressure. North and 
(th of these are other belts of low pressure, while about each 
le there is probably a region of high pressure. The belts south 
the equator are much more uniform and regular than those 
»rth of the equator ; as may be seen by reference to Map I. (at 
e end of the book) on which the blue lines represent pressures 
:low thirty inches, and the red lines thirty inches and above. 
In winter (as shown in Map II.), the north polar region of 
w pressure has two centres of least pressure; one in the 
3rthern Atlantic near Iceland, and the other in the northern 
acific. At the same time, there is a broad belt of high pressure 
iretching across Asia and North America, with a centre of 
reatest pressure on each continent. 

In summer (as shown in Map III.), there are centres of high 
ressure in the middle of the northern Atlantic and Pacific ; and 
broad band of low pressure stretching across North America 
nd Asia, with a centre of least pressure on each continent. 
There are two things which tend to diminish the atmospheric 
i^ssure ; high temperature and great humidity. High tempera- 
^re causes the air to expand, rise, and flow away to colder 
'gions. Great humidity diminishes the density of the air. 
tumid air therefore rises, but in rising, it becomes cooled, and 
part of its moisture falls as rain. In this condensation, a large 
'^ount of heat is given out, which again raises the temperature 
^ the air, 'and causes it to expand still more. 
Now in the tropics there is an excess of both heat and moisture, 
be air therefore rises and flows over towards the north and 
'«^*, giving rise to the belt of low pressure bounded by belts of 
'gh pressure. 

Again, in the regions north and south of these belts of low 
■■essure, the air is highly charged with moisture brought thither 
K the prevailing winds, and continually condensed in rain, 
'ere also, then, the air rises and flows over towards the north 
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and south, producing a region of high pressure towards 
poles and increasing tlie pressure in the belts towards 
equator. . "- 

The irregularity in the belts of pressure in the northern hei»" 
isphere is caused by the continents. In the summer, both North 
America and Asia become excessively heated, while the adjaonl^ 
seas are comparatively cool. Hence tke air pours oxterfromlit^ 
land to tke sea, giving rise to low pressure on the continents vaM 
high pressure on the oceans. The more completely the sea ii" 
shut in by the heated land, as in the northern Atlantic, thr 
greater the atmospheric pressure upon it. It is also this exoe*' 
sive heat of the northern continents in summer which caoitt 
the great pressure upon the southern hemisphere at the sane* 
season. (See Map III.) 

In winter i the conditions are reversed. The land becomes- | 
excessively cold, and the air over it dense and contracted. Tk^ ' 
warmer air from tke sea now pours over upon tke land, causing 
the high pressure in North America and Asia, and the low 
pressure in the northern Atlantic and Pacific (See Map II.) 

WINDS. 

7. Cause of Winds. — Winds are currents of air, and are 
directly caused by atmospheric pressure. If two neighboring 
regions come to be of very unequal temperature, the lighter air 
of the warmer region will rise and flow over to the colder region, 
while the heavier air of the colder region will flow in below to 
supply its place. Thus we always have a surface wind blowing 
from a region of lower temperature and high pressure towards 
one of higher temperature and low pressure, and an upper wind 
blowing in the opposite direction. We have an illustration of 
this in the wind which always sets in from every direction tow- 
ards a large fire. We have another in the land and sea breezes* 
On the sea-coast a breeze sets in from the sea in the morning. 
At first a mere breathing, it gradually rises to a stiff breeze in 
the heat of the day, and again sinks to a calm towards evening. 
Soon after, a breeze springs up from the land, and blows stronglj 
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during the night, djing away towards morning, when 
Bea-breeze begins once more. These breezes are especially 
in tropical regions, where the difference of temperature 
^ land and sea is greatest. 

S. Trade- Winds. — While the air above is flowing north and 
^^Hth from the tropical belt of low pressure, a surface wind will 
^^1t in from the region of high pressure to supply its place, 
^▼ere the earth at rest, these surface winds would blow directly 
^^m the north and fouth towards the equator. But the earth 
*• rotating from west to east, and objects on the surface at the 
^^uator are carried round towards the east at the rate of about 
^*f miles a minute. But as we go away from the equator, this 
'^Qlocity diminishes, so that in latitude 60° it is only 8i miles a 
'ic^inute, and at the poles it is nothing. The wind, then, blowing 
towards the equator, is continually coming- to places which have 
^^reater velocity eastward than itself, and therefore lags behind 
^tnd afjtears to move westward. This, combined with its motion 
^hwards the equator, makes the surface wind north of the equa- 
tor a north-east wind, and the one south of the equator a south- 
east wind. These winds blow with great steadiness and con- 
stancy, and from the service they render to commerce are called 
trade-winds. 

In mid-ocean in the Atlantic, the north trades prevail between 
latitudes 9^ and 30^, and in the Pacific, between latitudes 9° and 
26**; and the south trades in the Atlantic, between latitudes 4° 
north and 22^ south, and in the Pacific between latitudes 4^ 
north and 23^^ south. These limits are, however, not station- 
ary, but follow the sun, advancing northward from January to 
June, and retreating southward from July to December. 

9. Region of Calms. — The region of calms is a belt of about 
40 or 50 in breadth, stretching across the Atlantic and the Pacific, 
generally parallel to the equator. It is marked by a lower atmos- 
pheric pressure than is found to the north and to the south of it 
in the regions of the trade-winds. It is also characterized by 
the daily occurrence of heavy rains and severe thunder-storms. 
The position of the belt varies with the sun. 

There are two other regions or belts of calms at the limits of 



tit nerlh and south trades. Except in the Pacific Ocean, thaw 
belts are either broken up, so ns to appear only in patches, or 
are completely obliterated by the disturbing influences arising 
from the unequal diEtribution of land and water. Or these 
smaller regions of calms, the most interesting is that marlied 
out bj the high pressures in the North Atlantic. ThU i< the 
region of the Sargasso Sea, which is thus characteriied not 
only by its still waters, but also by its still atmosphere. A sim- 
ilar region of calms exists in the South Atlantic. These caliOB 
ore well known to sailors. 

lo. Winds in Middle La/iiades. — Surface winds will 
from the belts of high pressure, not Only towards the equatorial 
belt of low pressure, but also towards the bells of loin freii»r* I 
on the other side. These currents are continually coming to 
places which have less velocity eastward than their own, and 
therefore appear to move eastward. This, combined with their 
motion from the equator, tends to make them soath-n'est windl 
in northern latitudes and »i)/-/*-ium/ winds in southern latitudes. 
These ere the prevailing winds in these regions, but. owing to 
various disturbing causes, they are nrneh less Htiiform and con- 
stant than the Irade-ivinds. This is especially true of the north- 
ern region. - i 

There will also be surface winds blowing front lit ptim I 
towards these same belts of low pressure. Of course, /i<r*^ 
villi be Hpper currents in opposite directions to all these surface 



n Atlantic. — It is found that wher- 
pressure, the winds blow towards i^ 
id somewhat lo the right of it. We 
in the winter winds of the northern 
entre of low pressure near Iceland, 
coast the prevailing winds are frraa 
the N.W. At the more northern places the general direction i» 
more northerly, while farther south it is more westerly. In th« 
Atlantic, between Great Britain and America, the direction i* 
nearly S.W. ; this is also nearly the direction in France, Bel- 
£ium, and the south of England. At Dublin, and in the south 



II. Winds of the Norther 
■.t there is a centre of low 
I directly, but spirally, an 
It an illustration of this i 

ing the North American , 
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Mf Scotland, it is nboutW.S.W.; at Copenhagen it is S.S.W-i 
tt St. Petersburg, it is nearly S. ; and at H ammerfest, near the 
North Cape in Norway, it is S.S.E. We thus see that tie -wiole 
■Kpkere JlovJs in toviards and upon tlie region of lovj pressure 
\d Iceland, — not directly towards tie region of laviest prei- 
Itofv, bnl in a direction a little to Ike right of it. We can now 
Ittlderstand why it is that the prevailing winda in North Amer- 
feft at this season are N.W., while in Greenland and in Great 
iHitain a N.W. wind is scarcely known. 

mainly to this low pressure which draws over Great 
the S.W. winds from the warm waters of the Atlantic 
s island owes its mild, open, and rainy winters. It is 
Ike same pressure which gives Russia and Central Europe their 
ire winters, since on account of it a slow, steady air-current 
1 the cold regions of Northern Asia is drawn westward over 
iC parts of Europe. Finally, the same low pressure draws 
■ British America and the United States, by the N.W. wind, 
cold, dry currents of the polar regions. In the State of 
Maine, the mean January temperature is about 23°, whilst on 

of England, 10° farther north, it is as high as 40". 
• II. Monsoons. — The term monsoon, derived from the Arabic 
tloid maasim (a set time or season of the year) has been long 
l^lied to the prevailing winds in the Indian Ocean, which 
from the S.W. from April to October, and from the N.E., 
n* opposite direction, from October to April. During the sum- 
mer, when the sun is north of the equator, the continent of 
A*ia becomes heated to a much greater degree than the Indian 
Ocean, which in its turn is warmer than Australia and South 
ca. Hence, as the heated air of Southern Asia expands and 
I, and the pressure is thereby reduced nearly half an inch 
iw the average, colder air from the S. flows In to take its 
and thus a general movement of the atmosphere of the 
n Ocean sets in totvards the N"., giving a southerly direc- 
:o the wind. But as the wind comes from parts of the 
which revolve quicker to those which revolve more slow- 
il gels a -westerly direction. The combination of these two 
dona results in lie S, W. monsoon, which accordingly pre- 
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vails there in summer. Since, during winter, when Oie tun II 
south of the equator, Asia U colder tliaa the Indian OceaD, ini 
the [ireBsure is thereby increased nearlj half an inch above tbi 
average, a general movemenl ef lie aimospAert sets in /itWdnll 
tie S. aid IV. Aa this is tie same direction as tie orditar) 
trade-wind, the result during v/inter is not to change the di 
tion of that wind, but onlj- to increase its velocity. 

Similar, though lees strongly marked monsoons prevatl of 
the coasts of Upper Guinea in Aliica, and Mexico in America 



STORMS. 

13, Storms. — Besides the general atmospheric disturbancW 
already described, there are local disturbances of the san 
called storms. When the air over any considerable ti 
comes exccEsively heated and humid, it rises and oveiflovs, 
producing a local centre of least pressure. Surface ■aiiKdi ul 
in lo-Biards tiis centre from all sides in a spiral din 
the humid air rises it becomes cooled, and its moistu 
densed as rain or snow. A large amount of heat it 
which causes the air to expand still mor 
storms remain stationary, but they generally move /ani/ari !» 
an easterly direction. 

Tie storms of Narti America usually have their ri 
region east of the Rocky Mountains, travel eBstvrard towards 
the coaEt, and cross the Atlantic. They are preceded by a higli 
temperature and a moist air, and followed by a low temperaliue 
and a dry air. When the storm is approaching, the wind self 
in from Ihe east, and there is usually the heaviest fall of nuA_ 
before the centre of the storm arrives. In this centre there ii' 
usually a calm, and often considerable clear sky. As the centre 
passes, the wind suddenly veers round to the west, and a short* 
heavy fall of rain follows; the temperature rapidly 
the barometer rapidly rises. When the centre oF the storm 
passes to the north, the wind sets in from the south-east, and, 
veers round by the south Co the south-west. When the centre 



the centre 



e Gtorm pasECS to the EOuth, the wind Gets in from t 
i^ast, and veers round by the nortli to tlie north-v 
Jien a great etorm begins near the Mississippi, the wind at 
uis will be easterly, while farther east it will be westerly, 
asterly wind travels eastward with the storm; that is, in 
lection offoslte to that in which it blows. The westerljc 
I which follows the storm travels along with it; that is, iii' I 
pnw direction as that in which it blows. 

ms of America are usually -very long in a north and 
i direction, and travel side foremost; while the storms of 
e usually circular or slightly oblong in the direction 
otion. The latter are followed by less depressioi 
e than those of America. 
tmadaes are very violent storms, usually of small din 

Here, as in other storms, the wind sets in spirally , 
U the region'of least pressure, which is also the centre { 
e storm. 

, Whirlvlinds. — Whirlviinds are very different from the 
1 already described. They seldom last longer than a 
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^1e whirlwind round its nxi^, while tlie small arrows show 
otation of each column round its own aKis. Figure 197 
G the general appearance of a dust-wliirlwind as seen from 
.tance. A dust-storm is cansed by a number of -a/hirVoiind 
tni tHOviH£- together over the earth. The storm generally 
Comes on without warning from anjf direction, and the barom- 
eter is said not to be perceptibly affected by it. A low bank of 
dark cloud is seen in the horizon, which rapidly increases, and, 
before the spectator is aware, the storm bursts upon him, wrap~ 
ping every thing in midnight darkness. An enormous quantity 
Bf dust is whirled aloft, which is sometimes broken into distinct 
ns, each whirling on its axis. Violent gusts or squalls 
ieceed each other at intervals, which gradually become weaker; 
ifdi at the close of the storm, a fall of rain generally takes 
bee. The air is often highly electrical, arising probably from 
e friction of the dust-laden currents against each other. The 
fmoom maj be regarded as in part a whirlwind, or a succes- 
On of whirlwinds of this description. Sir S. W. Baker thus 
raphically describes the behavior of the dust-whirlwinds which 
Kor in Nubia in April, May, and June : '■ I have frequently 
tea many such columns at the same time in the boundless 
Bert, all travelling or waltzing in various directions, at the 
ttful choice of each whirlwind; this vagrancy of character is an 
Hiitoubted proof to the Arab mind of their independent and 
Qabolical character." 
Exteiiiive firts, such as the burning of the prairies in Ameri- 
I, and volcanic iruptions, also cause whirlwinds by the upward 
prreat produced by the heated air; and tliese, as well as the 
ither whirlwinds already mentioned, are occasionally accom- 
ind electrical displays. 
J5. WattrsfoHti. — Waterspouts are ■a/hirlv/iuds occurring 
f Ike sea or over sheets of fresh water. Wlien fully formed, 
y appear as tall piilars stretching from the sea upward to the 
douds, and whirling round their axes, like the dust-whirl winds, 
is tossed into violent agitation round their bases as 
;r onward. The danger arising from them consists in 
B velocity of the wind, and the snddan changes 
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in its direction. It is a popular fallacjr that the water of the let 
iH 8uckcd up by them, it being only the spraj from tbt brokes 
waves that is carried up by the whirling vortex. This is piored 
by tlie fact that the water poured down on the decks of Teteeli 
from waterspouts is either fresh or only slightlj brackish. 



THE MOISTURE OF THE ATMOSPHERE. 

16. TAe Two Atmospheres of Air and Vapor. — The gaseou 
envelope of the earth may be considered as made up of two dis- 
tinct atmospheres, — one of dry air, and one of vapor. The dry 
air is always a gas, and its quantity is constant from year to 
year; but the vapor of water does not always remain in the 
gaseous state, and the quantity in the atmosphere varies ererj 
instant. 

17. Evaporation, — Vapor is continually passing into the lir 
from the surface of water and moist bodies at all temperatoiti 
by the silent process of evaporation. Evaporation also taket 
place from the surface of snow and ice. The atmosphere can 
contain only a certain amount of vapor, according to the tem- 
perature ; hence, when it is saturated with moisture, evaporation 
ceases. Conversely, evaporation will be greatest luken the airii 
perfectly free from vapor. Since atmospheric currents remove 
the saturated air and substitute dry air, evaporation is muck 
more rapid in ivindy than in calm tveather, 

18. Loss of Heat by Evaporation. — We have learned that 
when a liquid passes into the gaseous form, a large quantity 
of heat becomes latent; and that this heat becomes sensibli 
again when the vapor returns to the liquid state. The ocean 
loses more heat from evaporation than the land, because the 
quantity evaporated from its surface is much greater. Again, 
since more rain falls on land than on sea, especially in hilly and 
mountainous countries, the temperature of the air over the land 
'Will be still further raised by the heat thus given out. This is 
one of the reasons why the mean temperature of the northern 
hemisphere is higher than that of the southern. 
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It is for this reason that ike sensible temperature defends on 

tie humidity of the air. - Dry air promotes evaporation from the 

•orface of the bodj, and seems cold ; while moist air impedes 

Qiis evaporation, and seems warm. When the air is both hot 

tnd moist, as in the dog-days, it is peculiarly oppressive. It is 

because the winds promote evaporation that the air seems cooler 

on a windy day than on a still one, though the temperature may 

be the same. 

19. JDew. — After the sun has set, the earth is continually 
ttidiating heat into space, and is receiving little or none in 
Tetum. As it cools down, // cools the layer of air nearest to it, 
eind causes it to deposit its moisture in the form of dew. In the 
vame way, in hot weather, moisture collects on the outside of a 
pitcher of ice-water. The cold pitcher cools the air nearest it, 
and compels it to give up a part of its moisture. 

Every one has noticed that dew collects on some substances 
more readily than on others. This is because they are better 
radiators, and therefore cool sooner. 

Dew does not collect on a cloudy night, or under a roof or 
shed, because the heat is sent back by the clouds and the roof 
as fast as it is radiated from the earth. 

There is no dew on a very windy night, because the layer of 
air near the earth is continually changing, and does not become 
cool enough to give up its moisture. 

20. DeW'Point. — The ascertaining of the dew-point is of 
g^reat practical importance, particularly to horticulturists, since 
H shows tke point near tvkick tke temperature during" tke nigkt 
will cease to fall. For when the air has been cooled down by 
radiation to this point, dew is deposited, heat is given out, and 
tfie temperature of the air rises. But as the cooling by radiation 
proceeds, the air again falls to, or slightly under, the dew-point; 
dew is now again deposited, heat liberated, and the temperature 
raised. Thus the temperature of the air in contact with plants 
and other radiating surfaces may be considered as gently oscil- 
lating about the dew-point. For if it rises higher, the loss of 
heat by radiation soon lowers it; and if it falls lower by ever so 
little, the heat liberated by the formation of dew soon raises it. 
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The dew-point, then. delemiine« the lowest temperature of tk 
nigliti ursd if this point be found by means of the hygraid^ 
the approach of low temperature, or of frost, maj be foKieen 
and provided against. 



■— MISTS, FOGS, AND CLOUDS. 

It. Misli and Fags. — Mists and foga are visible -vapors fioti^ 
tug in the air Hear (ke mrface of tie earth. Thej' are produced 
in various wa;s, — bj' the mixing of cold air with air that is 
warm and moist, or by whatever tends to lower the temperature 
of the air below the dew-point. 

During a calm, clear night, when the air over a level countrj 
has been cooled by radiation, and dew begins to be deposited, 
the portion of the air in contact with the ground is lowered t( 
tlie dew-point, and thus becomes colder than the air above it. 
Since there is nothing to disturb the equilibrium and give 
to currents of air, and no cause in operation which can reduce 
the temperature much below the point of saturation, the 
within a few feet of the surface remains free from mist or fog. 
But if the ground slopcG, the cold air, being heavier, will flow 
down and fili the lower grounds; and since it is colder than the 
saturated air which it meets with in its course, it will reduce it 
temperature below the point of saturation, and thus produce 

When an oceanic eurreHt meets a shoal in its course, the cold 
water of the lower depths is brought to the surface, and in 
cases where its temperature is lower than the dew-point of the 
air, fogs are formed over the shoal. For a similar reason (cv 
btrfs are frequently enveloped in fogs. In like manner, mist is 
sometimes seen to rise from rivers ivhase temperature is lamer 
than that of the air. Thus the waters of the Swiss riven which 
issue from the cold glaciers cool the air in contact with them 
below the point of saturation, and produce mist. So. also, su«h 
rivers as the Mississippi, which jftitc directly into ■warmtr Mf- 
tudet, and are therefore colder than the air above them, mn 
oiiea covered with mist or fogs. 
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■When rii'ers are considerablj- aarmtr than the nir, the more 
ipid evaporation from the warm water pours more vapor into 
'e than it can hold, anil the surpluB is condensed 
lus deep lakes, and rivers flowing out or them, are 
rallj much warmer than the air, and hence, when 
e air it cold and moist, they are covered with fogE. 
The dtHsest fogs occur daring Ike cold monlis in large tovna 
im'U on rintrs, since the caiisea which produce foga are then 
active. The peculiar dcnsenees of the London November 
is caused hy the warmth of tlie river-bed, and it is in- 
by the sources of artificial heat which London affords; 
nd since the temperature is falling everywhere, and the air is 
cry moist, its vapor is quickly and copiously condensed by the 
Did easterly winds of the season. 

In all these cases, the fogs do not extend very widely nor rise 
ery high. There are, however, other fag! Ikat spread ovtr 
trge districts, like the fogs which often accompany the hrcak- 
ig up of frosts in winter. When the moist south-west wind 
ae gained the ascendency, it is chilled by contact with the cold 
t-ound. and its abundant vapor condensed into mist. 

MoHHtaini are frequently covered with mist- As the warm 
ir is driven up the slopes of the mountain by the wind, it be- 
ames gradually colder, until at last its moisture is condensed. 
[ists often appear soonest on the parts of hills covered with 
HEM, especially when the mist begins 
ecauae then the temperature of the tri 
le grassy slopes. Occasionally the summit of a hill or i 
lolated peak is wrapped in mist, while elsewhere the air 
lear; and though a breeze be blowing over the hill, still 
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pBrently motionless and unchanged. This is easily explained. 
« temperature at the top is below the dew-point of the atmos- 
eric current. Hence when the air rises to this region, its 
>ifiture is condensed into mist. This is borne forward over 
i hill and down the other side, acquiring heat as it descends 



till it f* again dittolved and di&appeart. Meanwhile itspimll 
conitintljr supplied b; frech condensation, as the cunent liM 
to the lummit. Thus, though the mi«l on the top of the U 
appeart motianlets and unchanged, it u conlinuaUy andtrgtitf 



12. Clouds. — Clouds are viiihh vapon Jloaling in titeirtti 
coHsidtrabte keigU ; thus differing from mists and fogs,irhidi 
Boat near tit surface. Both arise from the same causes. 

During the warmest port o( the day, when evaporation ii 
greatest, warm, moiet air-currtnts are constantly ascending rnn 
the earth. As they rise in succession, the moist air ii pwhd 
high up into the atmosphere, and loses heat by expansior 
it can no longer retain its moisture. Hence condensation 
place, and a cloud is formed, which increases in bulli ai 
as the air continues to ascend. But as the day declines, toil 
evaporation is checked, the ascending current ceases; and, the 
temperature falling from the earth's surface upwards, the lowsr 
ttratum of air contracts. Consequently the whole mass 
begins to descend, and the clouds are then dissolved by th( 
warmth they acquire in falling to lower levels. The whole of 
this process is frequently seen on a warm summer day. In the 
morning the sky is cloudless, or nearly =o; as the heat beeoroM 
greater, clouds begin to form before noon, and gradually ir 
crease in numbers and size; but, as the heat diminishes, they 
contract their dimensions, and gather round the setting sun, Ii 
up with the fiery splendors of his beams. In a short time the 
disappear, and the stars come out, shining in a cloudless sky. 

The whole atmosphere, to » great height, is constantly trat 
ersed by many atrial currenfs, one above another, and Sowing in 
different and frequently in opposite directions. Masses oi 
different temperatures are thus frequently brought togetherj 
and since, when mingled, they cannot hold the same quantity 
of vapor that each could retain before they were united, the 
excess is condensed into cloud. 

But again, when a dry and heavy -wind takes the place of* 
moist and light ■aiimd, it generally edges itself beneath the moisl! 
wind and forces it, as with a wedge, into the upper regions o* 
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^e atmosphere. There its vapor is soon condensed, and dense 
lack clouds, often heavily charged with rain, are formed. 

Currents of air driven up the sloping sides of hills and moun^ 
:iius by the winds often cause the formation of clouds (21). 

23. How Clouds are suspended in the Air, — The cloud itself 
nay appear stationary or suspended (21), but the particles of 
vhich it is composed are undergoing" constant renewal. The pur- 
icles are upheld by the force of the ascending current in which 
hey are formed ; but when that current ceases to rise, or when 
hey become separated from it, they begin to fall through the 
ir by their own weight, till they melt away and are dissolved in 
he higher temperature into which they fall. Hence, every cloud 
f either a forming cloud, or a dissolving cloud. While it is con- 
lected with an ascending current, it increases in size, is dense at 
he top, and well defined in outline; but when the ascending 
current ceases, the cloud diminishes in size and density, 

24. Classification of Clouds, — Clouds are divided into seven 
bVt<f5/ three being simple, the cirrus, the cumulus, and the 
rtratus ; and four intermediate or compound, the cirro-cumulus, 
he cirro-stratus, the cumulo-stratus, and the cumulo-cirro-stratus 
>r nimbus. 

These forms of clouds, with the exception of the nimbus, are 
^presented in the plate on page 249. The one marked by one 
)ird is the cirrus; by two birds, the cirro-cumulus; by three, the 
Hrro-stratus ; hy four, the cumulus; hy five, the cumulo-stratus ; 
yy six, the stratus, 

25. Cirrus Cloud, — The cirrus (or curl) cloud consists of 
Parallel, wavy, or diverging fibres which may increase in any 
)r in all directions. Of all cloudy it has the least density, the 
rreatest elevation, and the greatest variety of figure. It is the 
:loud first seen after serene weather, appearing as slender fila- 
nents stretching like white lines pencilled across the blue sky, 
md thence spreading in one or more directions, laterally, or 
ipward, or dov nward. Sometimes the thin lines of cloud are 
irranged panllel to each other, the lines lying in the northern 
lemisphere" from north to south, or from >outh-west to north- 
east; sometimes they diverge from each other in the form of the 
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tail of a hone ; while at other times they erau tack Mur it 
different ways like rich, delicate lace-wrork. It it probable Ail 
the fine particles of which this cloud is composed are 
crystals of ice or snow-^akts. The duration of the cimu 
from a few minutes to many hours. It remains for a short tiae . 
when formed in the lower parts of the atmosphere and aptf" 
other clouds, and longest when it appears alone in the sky aii 
at a g^eat height. 

25. Cnmulus. — This name is applied to convex or oonioi 
/kcaps of clouds increasing upwards from a horixontal biMt 
Tliey are usually of a very dense structure ; are /ormed m Bi 
lower regions of the atmosphere ; and are carried aleiif A 
the current next the earth. The cumulus has been well called 
the cloud of the day, being caused by the ascending curreeis tf 
warm air which rise from the heated gpround. Its beginning ii 
the little cloud not bigger than a man's hand, which is thi 
nucleus round which it increases. The lower surface reiDsioi 

I 

roughly horizontal, while the upper rises into towering heifil ■ 
which may continue comparatively small, or swell into a fM 
far exceeding that of mountains. 

When these clouds are of moderate height and size, 6f a wfeU- 
defined curved outline, and appear only during the heat of tiie 
day, they indicate a continuance oi fair "weather. But when 
they increase with great rapidity, sink down into the lower 
parts of the atmosphere, and do not disappear towards eren- 
ing, rain may be expected. If loose fleecy patches of cloud 
begin to be thrown out from their surfaces, the rain is near 
at hand. 

26. Stratus. — The stratus^ as its name implies, is a widely- 
extended, continuous layer or sheet of cloud, increasing from 
below upwards. It is, besides, the lowest sort of cloud, its lower 
surface commonly resting on the earth. The stratus may be 
called the cloud of nighty since it generally forms about sunset, 
grows denser during the night, and disappears about sunrise. 
It is caused by the vapors which rise during the day, but iowardi 
evening fall to the earth with the falling temperature. Since 
during night the cooling of the air begins on the ground, tiie 
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BlraliiB firet appears like 
of the earth; it thence ini 
the air nre cooled below tl 
thoee mists already dcscr 
warm Bummcr daj' form 
lying grounds, and then 
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thin mist floatin 
eases upwards as 



ir the surftM 
ssive layers of 
le point of saturation. It includes ill' 
ibed, which in the calm evening of: 
n the bottom of valleys and overlo*- 
spread upwards over the Burrouniing 



When the morning s 
itratus cloud, it begins 



shines on the upper surface of ft( 
be agitated 
ferent places into the rounded forms of the cumulus, and Uu 
whole of its lower surface begins to rise from the grouni 
the heal increases, it continues to ascend, breaks up in 
tacbed masses, and soon disappears. This indicates a continu- 
ance of fine weathi 

27. Cirro-ciimnliis. — This cloud is composed of well-defiw4 
small, rouH^ih masses, lying' Hear tack ether, and quite sefaroM 
hy inlemals of shy. It is formed from the cirrus cloud, the fibwl 
of which break, and gather into these small 
tnonly known among sailors as a macierel sky. 

aS. Cirra-seralus.—T)\a cirro-slratas partakes partly of the 
characteristics of the cirrus and stratus. It consists of U»g< 
fkin, horizontal clouds, -with bent or undulated edges, and etlbu 
separate or in groups. It is a marked precursor of stormi, 

29. Cumulo'Slratus. — This cloud la iotmsd by lie blending if 
the cirro-stratus ivili the cumulus, either among its piled-up 
heaps, or spreading underneath its base as a horizontal layer. 
It is formed when the cumulus becomes surrounded with small 
fleecy clouds just before rain begins to fall, and also on tb« 
approach of thi 

30. CumalO'Ci 

rain is falling. 

BtratuB, which increases till it overspreads the sky, and becomi 
black or bluish-black in color; but, this soon changing to gi»] 
the nimbus is formed, and rain begins to fall. 

Its name, cumulo-cirre-stratHS, suggests the way In which ft" 
Is more frequently formed. At a considerable height, a alieettf 



■ro-stralas, or Nimbus.— This is the weli-knOlA 

itingof a cloud, or system of clouds, from nrbliA 
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irfttus cloud is spre&d out, under which cumulus cloud» 
im the windward ; these rapidly increase and unite, form- 
t cantinuouE gray mass, from which the rain fallt. The 
ig-up of the lower gray mass indicates that the rain will 






Itt^ua 



proaching at a distance, ci 

in all directions ; and the more , 

G the number of these cirrii 



RAIN, SNOW, AND HAIL. 



ilopes is cooled, . 

' regions of the atmoepher 



Bain. — Whatever lowers the temperature of the air may 
Icidercd as A cause of rain. It is chiefiy broHgkt about 
iftscenl of air into the h'gker regions of tie atmaspher: 
■ir-currents are forced up into the higher parts of the 
^e:re by colder, drier, and therefore heavier, win4-cur- 
^htch get heneath them. Ranges of mountains aUo 
\ their masses to the winds, so that the air forced up 
condensed into showers 
e also drawn up into tha 
:he area qf least pressure' 
>centre of storms; and in such cases the rain-fall is gen- 
very heavy. The temperature of the air is lowered, and 
(lount of the rain-fall increased, by those winds which 
r the air to higher latitudes. This occurs in temperate 
■, or in those tracts traversed by the return trade-winds, 
in the north temperate zone blow from the south-west, 
1 the south temperate zone from the north-west. Tka 
f and atixinff ef -wiTids of different temperatures is also 
) of rain, since the several portions, when combined into 
IDDot hold as much vapor as before. The rain-fatl is also 
led if the prevailing winds are directly fnm the sea, and 
prefore moist; but it is diminished if they have passed 
rge tracts of land, particularly mountain- ranges, and are 
pe dry. The quantity of rain is inBuenced by saitttf 
^ which allow radiation, by day or night, to take 
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ever fnlU in certain 
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that account, called lainlas regions; a 
of Peru ill South America, [he Sahara 
of Gobi, in Asia. 

The Sahara is bounded on the north and on the south }tj 
ranges of mountains. When the north-east trade-wind cCriltH 
the northern range, a part of its vapor is condensed. A» it 
moves southward, it reaches warmer latitudes, where there it 



a greater capacitji for 
winds to force it upwai 
plain until it arrives at t 
is precipitated in abundi 
where hills or mountain 
On the 



Since there a 



3 opposing 






s the V 



luthern mountains, where its vtpijf 
lina. In the few spots in thedesbrt 
ountaina occur, there are occasional rains, 
t of Gobi, the prevailing winds are from the 
south-east, and are very dry, because they have precipituWd 
nearly all their moisture in passing over the Htraalaya Moon- 

The rainless district in Peru is caused by the Andes, which 
condense nearly all the vapor of the south-east trade-wind In 
copious rains on their eastern slopes, 

On the other hand, in such places as Chili and PatagosU, it 
rains almost every day. 

31. Rain-fall -jiithiu the Tropics. — Xt places within the tropioi, 
where the trnde-winda blow regularly and steadily, the rai 
is small. Since these winds come from higher latitudes, the 
temperature is increasing, and they are thus more likely t 

3 part with it. Where, however, the tradV 
e forced up the slopes of mountain ranges, the/ brh 






s Eho^ 



33. Tic Rtgion of Calmf.~Th\& tropical belt (see page 335^ 
is Ike region of constant rains. Here the sun almost invariabl/ 
rises in a clear sky; but about midday clouds gather, and 
whole face of the sky is soon covered with black clouds, wh 
pour down prodigious quantities of rain. Towards evening 
clouds disappear, the sun sets in a clear sky, and the ni^M 
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are serene and fine. The reason of this is, that the air, being 
greatly heated by the vertical rays of the sun, ascends, drawing 
with it all the vapor which the trade-winds have brought with 
them, and which has been largely increased by the rapid evap- 
oration from the belt of calms ; and this vapor is condensed as 
it rises. The rain is sometimes so copious that fresh water has 
been collected from the surface of the sea. As evening sets in, 
the surface of the earth and the air near it being cooled, the as- 
cending currents cease, and the cooled air descends ; the clouds 
are thus dissolved, and the sky continues clear till the returning 
heat of the following day. 

34. TJke Rain-fall of India. — Over a great part of the tropics 
disturbing influences draw the trade-winds out of their course, 
and sometimes, as in the case of the monsoons, give rise to 
winds which blow from the opposite point of the compass. 
These winds affect the rain-fall of India, and but for them 
the eastern districts of Hindostan would be constantly deluged 
with rain, and the western districts constantly dry and arid. 
As It ity each part of India has its dry and wet seasons, summer 
being the wet season of the west and interior as far as the 
Himalaya, and winter the wet season of the east, and especially 
the south-east. 

So far as known, the heaviest annual rain-fall at any place on 
the globe is 600 inches, on the Khasia Hills. About 500 inches 
of this fall in seven months, during the south-west monsoons. 
These hills face the Bay of Bengal, from which they are sepa- 
rated by only 200 miles of swamps and marshes. Hence the 
southerly winds not only arrive heavily laden with vapor from 
the Indian Ocean, but they get more moisture in passing over 
the 200 miles of swamp. They are, therefore, ready to burst in 
torrents, even before they are suddenly raised, by the hills they 
encounter, into the cooler regions of the atmosphere. 

35. Snow* — Snow is the frozen moisture which falls from the 
clouds when the temperature is 32° or lower. The particles of 
which snow is composed are crystals, which are usually in the 
Ibnn of six-pointed stars. About 1,000 different kinds of snow- 
crystals have been already observed, a few of which are shown 
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in Figure 199, The forms of the crystals of the some 
■DOW are generallj' similar to each other. Snow-flakei vuj 
from «n inch to ^Jj of «" '"ch in diameter, the largest bein| 
observed when the temperature ia near 31°, and the smalleitU 
verj low temperatures. 

The limit of the fall of snow at any time of the year coinciia 
nearly with 30° N. latitude, which includes almost the wholeaf 
Europe. On traversing the Atlantic this line Hees to 45°. but 
on nearing the American continent it descends to 33°; it 
in the west of America to 47", and again falls to 40° i: 
Pacific. Snow is unknown at Gibraltar; at Paris, it fall) O 
days on an average annually, and at St. Petersburg, 170 dayl. 

The vihite color of snow is caused by the combining of Ihc 
different prismatic rays which issue from the minute »nol^ 
crystals. When the crystals are looked at separately, uiliic 




I short, all the colon 
now is looked at, tiw 



appear red, others green, purple, 
of the spectrum; but when a ms 
difierent colors blend into white. 

Red sHote and gr»»' snow have been occasionally met withio^ 
the arctic regions and in other parts of the world. These colon 
are due to the presence of vegetable organisms, about i^i of 
an inch in diameter, which grow and flourish in the region of 

From its loose texture, and from its containing about ten 
times its bulk of air, snow is a very bad conductor of heatj am 
thus is an admirable covering to preserve the earth fi'am th 
effects of its own radiation. It not unfrequently happens I 
times of great cold, that the aoil is 40° warmer than the surface 
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now which coyers it. The flooding of rivers, from the 
of the snow on mountains in spring and summer, 
fertilitj into regions which would otherwise remain 
vastes. 

'aiL — Hailstones are generally of a conical or of a 
iape, and when cut across are found to be composed 
late layers of clear and opaque ice, enveloping a white 
ucleus. Less frequently they are composed of crystals 
% from the centre outwards. They vary much in size, 
ing as small as the smallest shot, while others are several 
n diameter. In August, 1813, hailstones the size of 
I upon the British army among the Pyrenees; the 
isted twenty minutes, and was not accompanied with 
or lightning. June 4th, 1814, hail, from 13 to 15 inches 
eter, fell in Ohio. In the Orkney Islands, July 24th, 
ring thunder, a very remarkable shower of hail took 
tie stones were as large as a goose's egg, and mixed 
^ masses of ice. 

origin of kjail Js not luUy understood ; but it appears to 
id by ft cold current of air forcing its way into a mass 
rcJ warmer and nearly saturated, the temperature of the 
icBS being below the freezing-point. The warm moist 
(ily accounted for, since hail generally falls in summer 
ing the day; but it is difficult to account for the in- 
cold current which is sufficient to Teduce the warm 
1 tnass below 32®. 

3untainous regions, cold currents from the fields of 
ishing down the sides of the mountains and mixing 
heated air of the valleys, are no doubt frequent causes 
and such places are peculiarly subject to hailstorms, 
udden ascent of moist warm air into the upper regioni 
mosphere, where a cold current prevails at the time, 
obability, a common cause of hail. This is confirtrled 
Itry, close weather which generally precedes hailstovms, 
tt but sudden fall of the barometer, the whh*lwinds/ and 
g currents which accompany them, and the fkll /in the 
ure which follows after the storm has passed. / 

\ 
\ 
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ATMOSPHERIC ELECTRICITY. 



37. Electricity in the -4/r.— The identity of lightning lid : 
electricity was first suspected by Wall in 1708, but it wm «• ' 
served to Franklin to prove it. In 174$, he suggested, as te" 
mode of proof, the erection of pointed metallic conducton pn^ ' 
erly insulated. Acting on this suggestion, Dalibard erecte4-> 
near Paris a pointed iron rod, 40 feet in length, and insulatedf; 
and, on the loth of May, 1753, obtained electrical sparks firofli' 
it. In June of the same year, Franklin, impatient at the delijT' 
in erecting the spire for his pointed conductor, tried the experi* 
ment of obtaining electricity from the clouds by flying a kitb 
The kite was held by a hempen string, to the lower end cf 
which a key was attached; and the whole was insulated bj- 
tying a silk ribbon to the key, the other end of the ribbot 
being attached to a post. On the approach of the thundef^ 
cloud, he raised the kite, and soon the fibres of the hempeft 
string began to repel each other ; and, at last, when the rtifi : 
had moistened the string, he had the satisfaction of drawiof 
sparks from the key. 

When the sky is cloudless, the electricity is always positivei 
but the intensity increases with the height. 

When the sky is clouded, the electricity is sometimes positive 
and sometimes negative, according to the electrified condition of 
the clouds. In relation to the air, the earth's surface is always 
negative. 

The electricity of the atmosphere is stronger in winter thy 
in summer, increasing from June to January, and decreasing 
from January to June. It is subject to a double maximum and 
minimum each day. 

"^38. Sources of Atmospheric Electricity. — (i) Evaporation*^ 
Electricity is produced when impure water is evaporating, or 
wati^r in which chemical decomposition is going on; none 
whatever being produced by the evaporation of pure water. 
Evaporation from water containing an alkali or a salt gives 
off nefffttive electricity to the air, and leaves positive electrid^ 
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ind ; but when the water contains acid, positive electricitj is 
^n off, and negative is left behind. Hence it is supposed 
t seas, lakes, and rivers are abundant sources of electricity, 
ticularlj of the positive sort. (2) Vegetation, — The vege- 
le kingdom is also a source of electricity ; {a) from the evap- 
•tion going on by which water is separated from the sap of 
• plants, and (Jbi) from the giving off of oxygen gas during 
t day, and carbonic gas during the night. In these cases, 
kitive electricity arises from the plants, and negative is left 
lind. (3) Combustion, — During the process of burning, 
lies give off positive electricity, and become themselves neg- 
vely electrified. This is frequently seen on a grand scale 
ring volcanic eruptions. (4) Friction, — Wind, by the fric- 
n it produces upon terrestrial objects, the particles of dust, 
d the watery particles which it carries with it, contributes to 
\ electricity of the air. Electricity is not generated if the 
dsture be in the form of pure vapor. 

39. Effect of the Condensation of Fa/or. — When a great mul- 
ide of molecules of vapor are condensed by cold into a drop, 
snow-spangle, that drop probably collects and retains on its 
•face the whole electricity of the molecules from which it is 
med. If a thousand such globules coalesce into one, the 
ctricity will be increased a thousand-fold, and, being spread 
:irely over the surface, will have a tenfold tension. This 
w (which is Sir John Herschel's) explains the electricity ob- 
ved in the lower stratum of air when dew is being deposited, 
\ the highly electrical state oi fogs and clouds. It also ex- 
^s the annual fluctuation ; for, since in winter the conden- 
ion of vapor is greater and more frequent than in summer, 
: average quantity of electricity will be greater in winter. 
JO. Thunder-storms, — The thunder-storm probably originates, 
I cloud and rain, in the condensation of vapor ; but the con- 
isation is more copious and more rapid, so as to brine: about 
accumulation of a sufficient quantity of electricity. If '^"'^ 
idensation is not copious, the electricity will be too weak; 
i if not sudden, it escapes before enough collects for a di«- 

irge, 

i7 
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Thunder-storms occur most frequentlj within the tropics, 
diminish in frequency towards the poles. They arc also iMi*| 
frequent in summer than in winter ; during day than ( 
night; after midday than before it; and in mountainous coaa^j 
tries than in plains. Within the tropics they prevail mostiil 
the region of calms and during the rainy season; and tettfi 
in arid deserts and during the dry season. 

41. Lightming, — Arago has divided lightning into thitft 
kinds; zigzag lightnings sheet lightnings and ball ligktmtgf 
When the electric flash darts through the air, it takes M 
path of least resistance ; and, since the conducting power rf 
different portions of the atmosphere is unequal, the lightning 
frequently appears zigzag. When branches are given off ^ 
different points of its course, the lightning is said to htforkde 
Sheet lightning is the most common, appearing as a glow of 
light illuminating the sky. The flashes often follow each other' 
in quick succession, and the thunder which accompanies theiv 
is low and at a considerable distance. Analogous to this is 
silent lightnings often called heat lightnings which generally 
occurs during serene summer evenings, lighting up the sky 
for hours with repeated faint flashes, attended with no thunder. 
It is probable that this kind of lightning is almost always the 
reflection of the lightning of distant storms from the vapor of 
the upper regions of the atmosphere. Ball lightning is the 
least common. It appears as a globular mass, moving slowly 
or sometimes remaining stationary, and in a short time explodes 
with violence. It has not yet been satisfactorily explained. The 
duration of a flash of lightning, like that of an electric spark; is 
less than the thousandth part of a second. For this reason 
a wheel rotating so fast that the spokes are invisible will ap- 
pear stationary when lighted up with the electric spark or by 
lightning. 

42. Thunder. — Thunder is probably the noise produced by th 
..us"' *° ^*^ich cn^.^iit^g vacuum left by the lightning along the 

effects^^®'' ^^"^ produc The sound emitted by flames is a familiar 

times 0****'*^° ^^^^ ^*^'' -^nttnd. Flashes of lightning frequently 

itive electricity to the air, length ; and since the thunder is 
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ong its whole course nearly at the same instant, the 
rolling noise arises from the different intervals of 
3 the sound to reach the ear. Reverberations from 
from mountains frequently heighten the effect and 
; peal. Thunder has not been heard at a greater 
in 14 miles from the flash. 

ts of Lightning, — Electrical discharges generally 
ie air, or into other clouds less highly electrified; 
only take place between the cloud and the earth. 
zr class innumerable lives have been destroyed, the 
ees rent to pieces, heavy bodies displaced, iron and 
tized, metals and rocks softened and fused, and com- 
stances set on fire. When the thunderbolt falls upon 
lally produces fulgurites^ or fulminary tubes, which 
s tubes of various sizes vitrified within. 
'» Shock, — The return shock sometimes proves fatal 
tings, even at great distances from the place of the 
iiarge. It is caused by the inductive action of the 
loud, by which bodies become charged with the elec- 
site to that of the cloud. When the cloud has dis- 
electricity into the ground, the induction ceases, and 
Lange of the bodies from the electrified to the neutral 
:hem a severe shock. 

tning-Rods, — The lightning-rod was invented by 
^ 1755* 'I*^^ chief advantage gained by it is not 
ects the building in case of a discharge by allow- 
passage for the electric fluid to the earth; but by 
gradually keeping up the communication, it tends 
I the electric equilibrium, and thus prevent a dis- 
le best rods are made of copper, not less than three- 
an inch thick, and pointed at the upper end. They 
3f one piece throughout, fastened vertically to the 
building, and thence carried down into the ground, 
extremity should part into two or three branches 
rom the house, and carried far enough into the soil 
iter, or permanently moist earth. The conductor 
:onnected with all metallic surfaces on the roof or 
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Other parts of the building, in order to prevent tin ooa 
of lateral discharges, or discharges from the conductort 
surfaces, which are often veiy destructiye. 

46. St. Elmo^s /^<W.— This meteor is the Cast^mi 
of the ancients, and is frequently mentioned in dasaci 
The finest and most beautiful displays occur at ta 
storms, when it appears as a light resting on the mM 
light which is seen on a point held near the condad 
electric machine explains St. Elmo's fire. It takes (1 
the electricity of a cloud and that of the earth combii 
flashes of lightning, but slowly and coniinuomily fm 
points, 

47. The Aurora Borealis. — The aurora borealis is a 
appearance in the northern skj. It is observed al 
neighborhood of the south pole, and is there call 
australis. When fullj developed, the aurora consists 
segment of a hazy or slaty appearance, surmounted \ 
of light, from which luminous streamers quiver am 
wards. Several auroral arches are sometimes seei 
Sometimes the streamers appear to unite near the zei 
ing what is called the corona of the aurora, towards 
dipping needle at the time points. 

Auroras are very unequally distributed over the e 
face. At Havana, but six have been recorded within 
years. As we travel northwards from Cuba, they i 
frequency and brilliancy ; they rise higher in the he 
oftener attain the zenith. If we travel northwards 
meridian of Washington, we find, on an average, ne? 
allel of 40°, only ten auroras annually. Near the 
42°, the average number is twenty annually; near 
forty; and, near 50°, it is eighty. Between this poii 
parallel of 62°, auroras are seen almost every nigh 
the heavens, and as often to the south as the north 
north, they are seldom seen except in the south, an< 
point they diminish in frequency and brilliancy as "Vi 
towards the pole. If we make a like comparison fc 
ridian of St. Petersburg, we shall find a similar res 
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A. the anroral region is situated farther northivard than it is 
E^ America. Auroras are more frequent in the United States 
3 they are in the same latitudee of Europe. 

-ora is of great extent, having been sometimes ob- 
1 simultaneously in Europe and America. The height 
B from about 45 to 500 miles above the earth. 
ff 1^8- Relations of lie AHrora fa MagHctitm. — Many facts show- 
on between the aurora and terreetria! magnetism. 
■ magnetic needle is much agitated when the aurora is vis- 
When the arch is motionless, so is the needle ; but as 
KB streamers are shot out, its declination changes everj 
;nt, and this happens though the aurora does not appear 
6 place of obKcrvation, but is seen near the pole. It is 
■bable that magnetic disturbances of the earth are due to 
lut not to his heat and light; and that thej are 
iriablj accompanied bj the aurora and bj electric currents 
f the surface of the earth. The secular periods of Ite sau'a 
r, of the varlalioH of tki magnetic needle, and of the fre- 
tlicy of auroras, coincide in a remarkable vaj, indicating 
t these pheDomeDa are regulated bj astronoinical causes.* 
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. The Raiubotv. — The rainbow, in its most perfect form. 
Mists of two colored arches projected upon failing rain on 
sun is shining from the opposite quarter of the 
bens. The lower or inner arch is called the primary bow; 
^ Upper or outer, the secondary bow. Each contains all the 
% of the spectrum, but the order of the colors in one is 
« of that in the other. Red is outermost in the pri- 
y bcm, and innermost in the secondary. The primary bow 
rower and brighter of the two, and when it is of 
kisuat brightness narrow red arches are seen just within it, 
led tapernumerary bows. These are sometimes three or four 
hitnber, but they can be traced only a short distance. The 

• ^MUamia<»>iiifOi0Slmr,,^i\. 
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lar rh jrae : — 



■ wl is 



It the ajlor'i delighl." 



SO. Lvnar Raiabewa. — Rainbows are kIgo prodljj 
light of llie moon falling on rain-drops, exactljr In, 
way na solar rainbows. Tbej' are bj no tnea 
Fence. Owing to the feeble light of the m 
genemlly without colors j but when the skj* i 
the moon is full, the prismatic colors appear, tboi 
dued splendor. 

51. Coronas. — The corona is an appearance of folnl 
rings encircling the moon when seen behini 
cloud of the cirro-cumulus. When the coroi 
rings form several concentric circles, the blue prisE 
being nearer the centre than the red. When large, tl 
generally • whitish, nebulous appenrnnce. 

Coronas are bUo very frequently formed round the ai 
to see them it is necessary to look through smoked glas 
the image of the sun reflected from still water. 
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tiel'a- — Glories of light, otherwise called antlielia, 
irmed opposite the sun. are Eometimea seen when the 
F nn observer is cast on fog; and the shadow of his 




S3' llalat. — Ilaloi »re ciiek* of prUmalic colors Mounitl 
sun (Figures 300-103), or the moon (FiguTCt 104 and jaj).!) 
thev Bic not to be confounded with coroniE. Ualoa v% 
comporBtivcly rare occurrence; coronas, on the contrarji » 
be seen every time a light, ficec/ cloud comes between ut 
the suQ or moon. The structure of halos, u secD from 
Itgurcti U oRen verj- complicated, circle cutting drcle « 
inatlicniatical exactnesG, the circles being general!/ verylu 
TbB structure of the corona, on the other hand, is Rinipie, 
circle! concentric, the inner one small, the diameter of 
Mcond being double, and that of the third treble, the diun 
of tbe fir^. In halos, the red prismatic color is next the cca 
in coronas, the blue. Halos are formed by tie refraetia* 
refitttion of tkt rays ef ligil by the minute snow-cryataU tfi 
cirrus cloud; while coronas arise from the interference of 
rays passing on each side of the globules of vapor. 

Al the points where the circles of the halo intersect. imigMS 
the sun or moon generally appear, from the tight coQCeatnlt* 
at these points. The images of the sun are called pmitUtifl 
moct-^tun; and those of tlie moon, paraseleais, or utoct-it*! 
These also exhibit the priEinatic colors of the halo. 

54. Colon ef Cloudt. — The red and golden clouds wluch 
the western skj at sunset, are the accompaniment of cumt 
clouds as they slowly sink, while dissolving, down into 
lowtr and warmer parts of the atmosphere; and consequci 
they disappear from the skj shortly after sunset. Such suB 
arc therefore prophetic oi fine -iveatier- 

\greeii or yetlov/isi-ffreea sky, on the other hand, is 001 
the surest prognostics of /•«/» in iummer, and snom in -WiK 
If, after a storm, the yellow lint becomes of a sickly green. It 
rain may be expected ; but if it deepens into orange and red, 
atmosphere is getting drier, and line weather may be looked 

It has been shown that high-pressure steam, while tn 
parent, and iu tie act of expaiiaioa. readily absorbs the »i( 
blue, and part of the green rays, thus letting the yellow, oral 
and red pass. It is found, also, that successive layen 
air, with visible vapor diffused through them, separate 



APPENDIX. 265 

itted light more and more perfectly from its more re- 
le rays. The blue rays are first absorbed, then the yellow 
id finally the red rays. It is in the lower layers of the 
here that dust, smoke, watery vapor, and small rain- 
are chiefly suspended. When the sun is high in the 
3, the thickness of the vapor-screen between the sun 
s eye has no perceptible action on the rays of light, 
consequently appear white; but as the sun descends to 
rizon, the thickness of the vapor is greatly increased, 
; sunset, the light of the sun has to pass through 200 
f the air in illuminating a cloud a mile above the earth. 

as the rays fall more and more obliquely on the clouds, 
>pear successively yellow, orange, and finally red. The 
colors oflen seen at sunset are due to the fact that the 

appear at different heights and in different parts of 
n so that various thicknesses of vapor are interposed 
n them and the sun. At dawn, the clouds first appear 
it^ as the sun rises higher, the yellow light ceases to be 
;d, and they appear orange, yellow, and finally white, 
e changes are well described in Dante's Purgatorioi-^ 

The dawn was vanquishing the matin hour. 
Which fled before it, so that from afiur 

I recognised the trembling of the sea. ... , 

, .Already had the sun the horizcm reached, . . . 
So that the white and the vermilion cheeks 
Of beautiful Aurora, where I was, 
By too great age were changing into orange. 

* Longfellcfw^t TranslatUm. 

ffk red dawn is a prognostic of settled weather, because 
ness seen in clouds at a great height while the sun is yet 
the horizon, may be occasioned by the great thickness 
vapor-screen through which the rays must pass before 
ig the clouds, and not by any excess of vapor in the air 
But if the clouds be red and lowering' in the morning, it 
gn of rain ; since, the thickness traversed by the rays 
low much less, the red color must arise from an unusual 
t of vapor in that stage of partial condensation, when the 
.ys are absorbed, and the yellow and red pass. 
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MOLECULAR MOTION AS MANIFESTED IN SOUND, 4f^ 
LIGHT, HEAT, AND ELECTRICITY. 

I. SoMHd-tvaves. — When water is agitated, the molecuki 
vibrate in sets, one set moving upward while the next set ii 
moving downward, thus giving rise to a wave. 

When two sets of water-waves meet and cross, thej are fodKl 
at certain points to increase, and, at others, to diminish etdi 
other*8 volume. The former takes place when they meet m ik 
same fhase, — that is, when the hollow of one meets the hoUov 
of the other, or the crest of one meets the crest of the other; 
while the latter occurs when they meet in opposite fkasts,'- 
that is, when the crest of one meets the hollow of the otiier. 
If the waves are of the same size, they will in the one case 
destroy each other, and, in the other case, form a wave of 
double the height. 

Now we have seen that two sounds may meet so as to destroy 
each other, or, as in the case of beats, so as alternately to in- 
crease and diminish each other. This must be because, in 
sonorous vibrations, the molecules vibrate in sets, so as to 
produce waves. When a string, for instance, vibrates, the air 
about it is alternately compressed and extended; and these 
compressions and extensions run on in the direction in which 
the sound travels, and constitute sound-waves. The molecules 
vibrate longitudinally, — that is, backward and forward ; and 
not, as in the water-wave, transversely', — that is, at right angles 
to the direction in which the wave moves. 

Sound-waves interfere so as to destroy each other when they 
meet in opposite phases ; that is, when the compression of the 
one meets the extension of the other. 

As the pitch of the sound rises, the vibrations become more 
rapid and the waves shorter ; for the length of a sound-wave is 
the distance that the sound travels while the sounding body 
is making a single vibration. 

Sounds give beats when they differ slightly in pitch. The 
waves which then flow out from the sounding bodies differ 
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slightly in length, and encounter each other alternately in the 
Kame and opposite phases. 

2, Reflection of Sound. — The transmission of sound through 
^r, or any other elastic medium, is best illustrated by a row of 
ivory balls. If the balls are all of the same size, each gives up 
mil its motion to the next, and itself comes to rest. If one of 
the balls is larger than the next, it gives up only a part of its 
notion to it. If it is smaller than the next, it puts that in mo- 
tion, and itself rebounds. When sound is travelling through 
the same medium, we have the condition of the balls of the 
same size. Each molecule gives up all its motion to the next, 
and itself comes to rest. When the sound meets a denser me- 
dium, we have the condition of a smaller ball striking against 
a larger one. The molecules of the denser medium are set 
vibrating, while those of the rarer medium rebound and trans- 
mit their motion backward, so that a part of the sound-wave 
is reflected. When the sound-wave meets a rarer medium, we 
have the condition of a larger ball striking a smaller one. The 
molecules forming the last layer of the denser medium retain a 
part of their motion, and transmit it back again to the mole- 
cules behind. In this case, also, the wave is partially reflected. 

Hence, whenever a sound-wave meets a medium different in 
density from that in which it has been travelling, it is partially 
reflected -and partially transmitted. 

3. Refraction of Sound. — So long as sound is traversing the 
medium in which it originates, the advancing wave will have a 
spherical outline, since the sound travels with equal speed in all 
directions. But when the wave passes into a medium in which 
it travels at a diflerent rate, its outline is changed. If it travels 
(aster in the new medium, the portion of the wave in it will be 
rounded out, or become more convex; if it travels slower, it 
will be flattened, or become less convex. The direction in 
which any portion of a sound-wave is travelling will be repre- 
sented by a line drawn perpendicular to the surface of that 
portion. Let a b (Figure 206) be a portion of a sound-wave 
moving in the direction of the arrow, and a c be the surface of 
a medium O of different density from JIf, in which the wave has 



n moving. If the ctaatlcityor O ia eucb that the wsw will 
»e faster in it than in Jtf, the portion « of the wa« tbii 
erg O first will move on (iuter than the portion b while ft 




Id it J 

iti«a 

pen-l 



Utter U moving in M. When a A is vrhollj within O, the Mcond 
■rrow shows the dirertion in which it will be moving; and 
will continue (o move in this direction 6o long as it is wholly 
this medium. When tiie direction of a wave is thus bent. 
said to be refracttd. In this case, it is bent nway from aperpen*' 
dicular P ^ drawn to the surface of the medium O. 

If the elasticity of O is such that the sound-wave movet 
slower in it than in M, the portion a of the wave (Figure xiOt 
when it has entered O, moves slower than b while the latter ii 
in M. In this case, it will be seen that the direction of the vwtfl 
will be bent towards the perpendicular P ^. 

tt is evident th.tt, Mab had not met the medium O obliqUelTi 
both ends of it would have entered O at the same time, and II* 
direction would not have been changed. 

We see, then, that when n sound-wave passes obliquely inM 
a medium of different density, it is refracted, and that, If it 
travels more rapidly in the new medium, it will be bent awaj 
from a perpendicular drawn to the surface of that mediumf 
while, if it travels less rapidly in !he new medium, it wil| 
be bent towards a perpendicular drawn to its surfece. '1 

This refraction of a sound-wave has been shown by the ex^ 
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tnent illastrated in Figure 208. ^ is a collodion balloon 
i with carbonic add ga»; w is a watch hung near it; and 
) a glass funnel. By placing the ear at /| and moving the 

Fig. ao8. 




lel about, a point will be found where the ticking of the 
:h will be louder than elsewhere. This shows that the sound- 
ss have been converged to that point. 

igure 209 shows how the sound-waves are refracted in 
ing through the carbonic _. 

a ^ is a portion of the g ^ 

d-wave. In passing into 
carbonic acid, — a medium 
hich it moves more slowly 

in air, — it is bent into 
brm of m of n* On passing 
rom the carbonic acid, it is 
still farther in the same di- 
on, and thus the two parts of 
vave are made to converge. 
Light is frofagated by Vibrations and Waves. — We have 

that Newtor^s rings are produced by the interference of 
of light. This interference of light leads us to the conclu- 
that light is also propagated by waves, which augment or 
*oy each other, according as they meet in the same or 
(site phases. These waves, of course, like those of wa^ 
sound, must be made up of vibrating molecules. Bi*J^ 
traverse a vacuum as well as the air. Th^,obb'6to,ooo 
;h transmits it, must exist in- a vacunip— ■ — 
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molecules of all transparent substances. This me^amUi 
the luminiferous ether ^ or simply the ether. The en8teaa< 
luminous waves is the only evidence of the eustenoecf' 
ether, but this evidence is of such a kind that scientific 
generally deem it conclusive. The ether fills not only 
spaces between the earth and the sun and stars, but the i 
between the molecules of all bodies. 

Since light, like sound, is propagated by vibntians, ifc bH 
probable that it originates in vibrations. Moreover, inor^Mir 
combustion, which is the most familiar source of light, fli^' 
atoms of the oxygen in the air are rushing into combinitifll 
with the atoms of the burning body; and the collision of tiiM' 
atoms will be very likely to set them vibrating. 

The vibrating molecules first communicate their vibratiooi li- 
the molecules of the ether about them, and these transmit Al 
vibrations with the enormous velocity of 190,000 miles a seooni 

When the vibrations meet a new medium, a part of tilMB 
may pass on through the spaces among its molecules witM 
disturbance, and thus some of the light is transmitted, Kp^ 
of the vibrations may rebound, and thus some of the light ii 
reflected. Another part may be taken up by the molecules of the 
medium, and thus some of the light is absorbed, 

5. The Length of the Luminous Wave, — As the length of 
the sound-wave is the distance which sound travels while the 
sounding body is vibrating once, so the length of the luminous 
wave is the distance which light travels while the molecules of 
the luminous body are making one vibration. Of course the 
quicker the vibrations, the shorter the waves. 

The length of the luminous waves can be found by means of 
Ne-wton^s rings. If the curved glass (Figure 210) be pressed down 
upon the plate beneath, and perpendicular rays of red light be 
allowed to fall upon it, the centre a will be black, and blade 
rings will appear at i, 2, 3, and 4. Since the centre is black, 
|/rwaves reflected from the two surfaces must meet there in 
... \^p phases, although the two surfaces are in contact. 
. hant liSMtifs * wave of light when reflected from a rarer 

Thli wfractlbii*? P^**®> while it does not when reflected from 
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ed from B 

[ a wave- 

:r than that 

n I, in order 

'cs reflected 

points maj 

>site phases, 

a dark ring. 

ve reflected 

;t evidently 

he space i 6 

e 1 B must 

2ngth of a 

ive. For a 

3n, 2£:isa '^ b e d e 

; 3 </, a wave-leng^ and a half; 4 e, two wave- 

>w we can easily find the length of 4 «. 4 ot is half 

of the fourth dark ring, and is found by measure- 
:an also measure the radius 4 C, and 4 m C is a 

triangle. In this triangle, we know the length of 
nuse 4 C, and of the side 4 ot ; hence we can find 
radius C a — Cm = a »i=4 e. If violet light be 
jrth ring is smaller, and 4 C is shorter. In this 
ve-lengths in the following Table are found : — 






Len^ of 


Number of 
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Number of waves in a 




waves m parts 
of an inch. 


waves in an 
inch. 


second. 


d 


.0000266 


37.640 


458,000,000,000,000 




.0000256 


39.1S0 


477,000,000,000,000 




.0000240 


41,610 


506,000,000,000,000 




.0000227 


44,000 


535,000,000,000,000 




X0002II 


47^460 


577,000,000,000,000 




.0000196 


51,110 


622,000,000,000,000 




.0000185 


54^070 


658,000,000,000,000 




.0000174 


57»490 


699,000,000,000,000 


>let 


.0000167 


59'75o 


727,000,000,000,000 
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According to Eisenlohr, the length of the waves in the extreme 
red ray is just double the length of the waves in the invisible 
rajrs beyond the violet. The whole range of rajs, then, extends 
only over what is equivalent to a single octave in music 

The numbers in the last column of the above Table show 
the rate at which the molecules of a body must vibrate, in 
order to produce the different colors. 

The molecules of certain substances seem to be capable of 
vibrating in all periods, and thus of producing white light; 
while those of other substances seem to be capable of vibrating 
only in particular periods, and therefore they produce light of 
different colors. It is seldom, however, that the vibrations 
of the molecules are limited to one period, and therefore that a 
luminous body gives out homogeneous light. We can now 
understand how it is that we can detect certain substances bj 
the light they give.* Their particles can vibrate only in certain 
ways, and they of course cause the particles of ether nearest 
them to vibrate in the same way. The vibrations are sent on 
unchanged from particle to particle of the ether, and are ready 
at any point to reveal the nature of the substance in which thej 
originated. The vibrations are so minute that it would seem 
impossible to find out their character, but the spectroscope 
enables us to do this with ease and accuracy. 

When a number of strings of different lengths and tension 
are stretched in the air, as in the ^olian harp, they absorb all 
the vibrations accordant to their own which fall upon them, 
while they allow all the discordant ones to pass on. In much 
the same way, we must imagine the molecules of a body sus- 
pended in the ether, from which they absorb all accordant vibra- 
tions while they transmit all discordant ones. 

Transparency is then synonymous with discordance, and 
opacity with accordance. This explains the fact that different 
substances absorb light of different colors, and also the fact 
that incandescent gases give out light of the same color as 
that which they absorb. 

* See Note on § 209. 
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6. Refraction of Light, — The molecules of ether within a 
medium appear to be under some constraint, which increases 
"With the density of the medium. This causes the wave to travel 
slower in a dense than in a rare medium; and therefore, on 
entering a denser medium, an oblique ray of light is bent towards 
a perpendicular to the surface of the medium, while on entering 
a rarer medium such a raj is bent away from the perpendicular. 
The quicker the vibrations, the more they are retarded, and the 
more the ray is refracted. It is owing to this unequal refrangi- 
bility that the colors are spread out into a spectrum when a ray 
of light passes through a prism. 

7. The Vibrations of Light are Transverse. — We have seen 
that a polarized ray of light has sides. Now, if light were prop- 
agated, like sound, by longitudinal vibrations, it is difficult to 
see how a ray of it could have sides. If we take a long rubber 
cord fastened at one end, and alternately stretch and relax it, we 
have a rude representation of a ray of sound made up of longi- 
tudinal vibrations. The cord is evidently alike all round, and 
has no sides. But if we shake the cord so that it shall vibrate 
transversely to its length, we shall at once see that it is not the 
same above and below as it is to the right and the left ; in other 
words, that it has sides. Hence we conclude that the luminous 
vibrations must be transverse. In an unpolarized ray the vibra- 
tions are transverse, but are executed in every plane ; so that 
such a ray is alike all round. It is only by forcing the vibrations 
all into one plane that a ray can be polarized. 

8. Heat and Light are one and the same. — We have seen that 
radiant heat and light are reflected, refracted, and dispersed in 
precisely the same way. It has also been found by difficult and 
delicate experiments that radiant heat is capable of interference 
and polarization in the same way as light. These facts lead to 
the conclusion that light and heat are the same thing, and the 
following fact proves this beyond a doubt. 

We have learned that the solar spectrum is crossed by dark 
lines, known as Fraunhofer's lines. Now an examination of the 
spectrum with a very delicate thermopile has shown that these 
dark lines are also devoid of heat, and, furthermore, that simi- 

18 
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lar dark or cold lines exist in the obscure part of the 
bcvond the red end, where the heat is most inteiue. 
tlicse dark lines have been shown to be chemically inacdTe, 
similar inactive lines are found beyond the violet end ii Ai 
obscure chemical part of the spectrum. The existence of 
blank lines throughout the whole length of the 6pectnim,ii 
obscure as well as in the luminous part, and the absence ofboi 
heat and chemical activity in the dark lines found in the h* 
oils part, prove conclusively that the thermal, the lurainou8|» 
the chemical rays arc one and the same thing. 

Passing from the obscure end of the spectrum beyond the* 
to the obscure end beyond the violet, we meet vrith vibratkwi" 
greater and greater rapidity, but differing in nothing else- * 
portion of these vibrations at the lower or thermal end of* 
spectrum are too slow to be seen, but may be felt bjthener* 
which give us the sensation of heat. Another portion, indnS'l 
the luminous part of the spectrum, can be both seen and S* 
and can also develop chemical action. A third portion, or tw" 
beyond the violet end, are too rapid to be seen or felt, but w 
able to cause chemical action. Luminous heat and lightjtWi 
are exactly the same thing; and obscure heat differs from v^ 
nous heat only as one color of the spectrum differs from*"" 
other. 

If there is need of further proof that obscure heat differs "'"^ 
light only in the rapidity of the vibration, it is furnished by 
experiment of Dr. Draper's. He gradually raised the temp^ 
ture of a platinum wire till it was of a white heat, and c'^ 
ined its spectrum throughout the process. At first the spcc"^ 
contained only the obscure thermal rays; then the le*^ 
frangible red rays appeared, followed in succession »: 
orange, yellow, green, blue, indigo, and violet; and after 
came the obscure chemical rays. 

9. Electricity is a Mode of Molecular Motion akin to ti^^. 
Suppose the liquid used with the voltaic pair to be mi**^ 
acid. "The zinc plate, in virtue of the powerful affinity of 
for chlorine, attracts the chlorine atoms, w" * " owaT^ 

with immense velocity ; and the sudde^j^ ^ 

\ 
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anion of the chlorine with the zinc has the effect of 

volley of atomic shot against the face of the plate« 
atomic blows must give an impulse to the molecules 

itself, which will be transmitted from molecule to 
-ough the material of the plate and the connecting 
same way that a shock is transmitted along a line of 

The electric current is merely ** a wire or other con- 
with innumerable lines of oscillating molecules." 

nothing of the mode of the molecular motion in 

conductor. It is apparently allied to heat, but is 
roducing very different effects, 
liar mode of molecular motion may also be de- 
leat, by magnetism, and by friction or percussion. 

way, heat may be developed, not only by chemical 
Iso by friction and percussion. 

Molecules of all Bodies are in Motion, — It would 
that all the molecules of gross matter are in con- 
on; and that, when acted upon by heat or other 
molecules are made to perform their fundamental 
ith greater energy, and to add to these higher and 
ionics. Our organs of sense are instruments for. 

these vibrations and transmitting them to the 
e they tell us nearly all that we know of tlie 
rid. 



CES AND CONVERSION OF ENERGY. 

of Energy, — Every moving mass is said to have 
tamical energy. Every mass so situated that it can 
' the forces acting upon it is said to have possible or 
?rgy. The energy of a visible body in motion is 
nical ; that of moving molecules, or atoms, is called 
• atomic. The energy manifested in the bodies of 
illed muscular energy, or nerve-force. 
|y, Cohesion i and Gravity tend to convert potential 
Inergy. — "When visible masses are separated, gravity 
I tliem together, and* to convert their potential into 



heat h ^^^ "^ a run - "^ '» 
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on into heat. When this has to be done quickl}', the change 
utened bj increasing the friction b; means of the brakes, 
he other hand, in order to prevent the loss of energy while 
rain is in motion, the axles of the wheels are kept carefully 
, that they may turn with as little friction ae possible, 
hen unlike substances are rubbed together, a part of the 
^y is first converted into electricity, but ultimately into 

. Wien Mechanical Energy is converted into Heat, the same 
uni of Energy always gives rise to tie same Ainoimt of Heat, 
lis was first shown by Joule, who began his experimenta in 
, and continued them till 1849. He converted mechanical 
gy into heat by means of friction. He first examined cases 
ic friction of solids against liquids. The apparatus used for 
purpose is shown in Figure lil. £ is a cylindrical box 
ing the liquid. In the centre of the box is an upright axist 




hich are attached eight paddles, like the one shown in the 
:e. These revolve between four stationary vanes, which 
ent the liquid from being carried round. The paddles arc 
ed by means of the cord r and the weight W. The size 
he weight is such that it descends without acquiring any 



378 APPENDIX. 



vclocitv. and hence all its energy is expended in 
the paddles. The degree to which the liqnid beooniet bokl 
bv the friction, is shown by a thermometer at t* Knovingtti 
iveigiit of the liquid, its specific heat, and the rise of tempentiR 
during the experiment, the amount of heat generated cute 
readilv calculated. 

With this machine Joule found that, whatever the liq;md bl- 
used, a weight of one pound falling through 772 feet, or 771 
pounds falling one foot, generated heat enough to niie oae 
pound of water one degree Fahrenheit in temperature, or one 
arjti/ of keaij as it is called. 

He also found that, when solids were rubbed together bj tie 
action of a falling weight, one pound falling through 77a fert 
generated a unit of heat. In this experiment, iron disks veil 
made to rotate together, one against the other, in a vessel of 
mercury. 

If a metallic disk be put into rapid rotation, and then brought 
between the poles of a powerful electro-magnet, it soon comes to 
rest. It will now be found very difficult to turn it, and it be- 
comes heated as it rotates. Joule found in this case, as in tbe 
others, that, if the disk is turned by a falling weight, one pound 
de>ceiiding 772 feet generates a unit of heat. 

The force necessary to raise one pound one foot is called a 
foot-pound; and this is the same force which a pound acquires 
in falling one foot from a state of rest. 

We see, then, that when mechanical energy is converted into 
heat, the same amount of energy always gives rise to the same 
amount of heat, and that 772 foot-pounds of mechanical force 
are equivalent to one unit of heat. For this reason, we call 772 
foot-pounds the mechanical equivalent of heat, 

16. Heat may be converted into Mechanical Energy, — The 
steam-engine is a contrivance for converting heat into mechan- 
ical energy. The heat converts the water into steam, and gives 
"^^nAIs steam an expansive force; and this expansive force is 
made to move a piston, as explained on pages 91-93. 

The animal body is a machine for converting the molecular 
energy developed by affinity into mechanical energy. 
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nods ■pool evaan^ sgusK incc. nr :i5 ». 3^ = ^ jmc immidK 
tlie wicAe ♦inrfmr . Jrom -lOMt <g»Rrifir iiac of air, ivr iaufm 
o rai«e liic Ae iu pe i a tun: i£ s. mriir fboc nf air 490^, f(iie& :it 
f tocxpaakd. jhf imii^ oT twar aat argniTBd. 
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: abore cxpciribBeiit. bov smc^ beat » used za nosda^ tl»e 
rratnic? TSbos 3S eqmralent as aArng bow nxicb hecftt » 
■ed to raifie tite cd^qc foot trf'air 490P vbea it is not aUo>»l^i 
pancL It ha^ bees fooad tbat tbe computed velodtv <i 
\ in air is less tbaa its 4jii> e i»cd TdodtT^ and that tbi$ ii 
\ to the beat d eicJ oped in tbe c3oinpre»ed portioii of tbe 
kwave. From the ratio betveen tbe obserred and tbe 
ated Telocitj, it is Ibond that tbe specific beat of air when 
o expand most be i^ of its beat when not allowed to 
id. Hence the beat required to raise the temperature of 
ibic foot of air 490°, when it is not allowed to expand, is 
bjr the following proportion to be 6.7 units : ^ 

1^2 : I = 9.5 : 6.7. 
e amount of heat, then, used in expanding the air *» that 
raising 2,160 pounds one foot high — is a.8 units. Divid* 
160 by 2.8, we get 772, nearly. 

ice there is no cohesion among the particles of air, the 
i expansive force is used in raising the weight. 
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We see, then, that 772 foot-pounds of mechanical force are 
equivalent to a unit of heat, anc) that a unit of heat is equivalent 
to 772 foot-pounds of mechanical force. 

We have seen that merely to melt a pound of ice at a tem- 
perature of 32° Fahrenheit requires 143 units of heat, which is 
equivalent to the force required to lift 110,396 pounds, or about 
55 tons, a foot high. And to convert a pound of boiling water 
into steam requires 967 units of heat, equivalent to the force 
required to lift 746,524 pounds, or about 373 tons, a foot high. 
The force of gravity is almost as nothing compared with this 
molecular force. 

The strength of affinity is shown by the amount of heat 
developed by the combination of oxygen and hydrogen. It is 
found that, when oxygen unites with one pound of hydrogen, 
61,000 units of heat are generated. Hence the force which has 
combined the two gases is equal to 61,000 X 772 = 47,092,000 foot- 
pounds, or the force necessary to raise 23,546 tons a foot high, 
or to throw one ton to a height of more than four miles. A 
pound of carbon, in combining with oxygen, gives out about 
14,500 units of heat, equivalent to 11,194,000 foot-pounds. We 
see, then, that the force even of cohesion is insignificant com- 
pared with that of affinity. 

18. Energy may be transmuted, but not destroyed. — We have 
now seen that mechanical motion may be converted into the 
molecular motions of heat and electricity, and that these molec- 
ular motions may be converted into mechanical motion. 

Energy, like matter, may assume a great variety of forms; 
but, like matter, it is wholly indestructible. 

19. Source of Energy. — If left to itself, affinity would soon 
bring all dissimilar atoms together, and lock them up in com- 
pounds ; cohesion would bring all the molecules of these com- 
pounds together, and lock them up in solids ; and gravity would 
bring all these solids together, and hold them in its iron grasp; 
while the heat developed by these forces would be radiated into 
space, and our earth become one dreary waste, void of all signs 
of life and activity. What, then, is the source of the energy 
which 18 thus manifesting itself in Protean forms? 
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Let us consider, first, the energy developed by gravity. This 
energy is seen in the winds, the falling rain, and running streams. 
The atmosphere, on each side of the equator, is an immense' 
wheel. The side of this wheel next the equator is continually 
expanded, and thus made lighter, by the heat of the sun. Hence 
gravity pulls down the colder and heavier side in the polar 
regions, and thus the wheel is made to turn. "Were it not for 
the sun's heat, it would soon come to rest. 

Again, the heat of the sun evaporates the waters of the ocean, 
and in their gaseous state they are swept round with the atmos- 
pheric wheel till they come to colder regions, where they are 
condensed, and fall to the earth as rain, and flow to the ocean 
in rivers. It is due, then, to the heat which comes to the earth 
in the sunbeam, that gravity can thus unceasingly manifest its 
energy. 

The energy of chemical affinity, which is manifested in heat, 
light, and muscular force, is developed by its action between 
oxygen and carbon. How are these elements separated from 
carbonic acid, so that they may be reunited by affinity? 

Place a leafy plant in a glass vessel, and let a current of car- 
bonic acid stream over it in the dark, and no change takes 
place. Let the same gas stream over the plant in the sunshine, 
and a part of it will disappear, and be replaced by oxygen. 
When acted upon by the sunbeams, leaves of plants remove 
carbonic acid from the air, separate its carbon and oxygen, 
retain the former, and give the latter back to the air. When 
plants are consumed by combustion in our furnaces, and by 
respiration in our bodies, this oxygen combines with carbon 
and develops energy, which appears as mechanical force in our 
engines, and as muscular force in our bodies. 

In the summer, when more sunshine than we need is poured 
upon the earth, a part of it is absorbed by the leaves of plants, 
and used to decompose carbonic acid, to build up the varied 
forms of vegetable life. In this way, the forests and the fields 
become vast storehouses of force which has been gathered from 
the sunbeam. When, therefore, we burn fuel in our stoves and 
food in our bodies, the light, heat, and muscular force developed 
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are only the reappearance in another form of the sunbeams 
stored up in plants. 

But this process of gathering force from the sunlight has 
been going on for ages; and when we burn anthradte or 
bituminous coal, we are merely releasing the sunbeams im- 
prisoned in plants which grew upon the earth before it became 
the dwelling-place of man. 

The energy of affinity, then, like that of gravity, is nothing 
but transmuted sunshine. 

The only form of energy known to us which does not come 
to the earth in the sunbeam is that developed by the ebb and 
flow of the tidal wave. This wave is dragged round the earth 
mainly by the attraction of the moon; and it acts as a brake 
upon the earth's rotation, since it is drawn from east to west 
while the earth is turning from west to east. The energy of 
this wave, then, is developed at the expense of the earth's 
motion on its axis; and it must tend to retard this motion, 
though to so slight a degree that the observations of thousands 
of years have not served to make it appreciable. 

20. The Amount of Heat given out by the Sun. — Making allow- 
ance for the heat absorbed by the atmosphere, it has been calcu- 
lated that the amount received by the earth during a year would 
be sufficient to melt a layer of ice 100 feet thicik and covering the 
whole earth. But the sun radiates heat into spaCe in every other 
direction as well as towards the earth; and if we conceive a 
hollow sphere to surround the sun at the distance of the earth, 
our planet would cover only ^ of its surface. Hence 

* •' 2,300,CX>0,000 

the sun radiates into space 2,300,000,000 times as much heat 
as the earth receives. 

21. Source of the Sun's Heat. — It has been supposed by some 
that the materials of the sun are undergoing combustion, and 
that this combustion develops the light and heat which it sends 
forth. There are, however,* no substances known to us whose 
burning would produce so much heat for so long a time as we 
know the sun has been shining. Carbon is one of the most . 
combustible substances with which we are acquainted; but if 
the sun, large as he is, were a mass of pure carbon, and were 
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ing at a rate sufficient to produce the light and heat that he 
ving out, he would be utterly consumed in 5,cxx> years. It 
s hardly possible, then, that the solar light and heat can be 
rated by ordinary combustion. 

le of the most satisfactory theories of the origin of the solar 
is that developed in 1848 by a German physician, Mayer, 
cnown as the meteoric theory. 

I have seen that a pound-weight which has fallen through 
*et will, when its motion is arrested, generate a unit of heat. 
, we know that a body falling that distance will acquire a 
:ity of about 223 feet a second. Hence a pound ball moving 
a velocity of 223 feet a second will generate a unit of heat 
i its motion is arrested. We know, too, that the velocity 
which a falling body strikes the ground is in proportion to 
iquare root of the height from which it falls; that is, in 
• to double or treble its velocity, a body must fall from 
or nine times the height. A pound ball, then, moving 
a velocity of twice 223 feet a second will be able to generate 
ts of heat; one moving with thrice this velocity, 9 units of 
; and so on. When, therefore, we know the weight of a 
and the speed with which it is moving, we can easily cal- 
e how much heat will be generated on stopping it. 
;re the earth's motion arrested, its elements would melt 
fervent heat, and most of them would be converted into 
r. Were the earth to fall into the sun, the heat generated 
le shock would be sufficient to keep up the solar light and 
for 95 years. We know that countless swarms of meteoric 
:s are revolving in rings about the sun, and that they must 
oving in a resisting medium. If so, they must eventually 
-awn into the sun, and, from the velocity with which they 
strike, it has been shown that they could fall in sufficient 
)ers to generate all the light and heat of the sun, without 
asing his magnitude enough to be detected, since accurate 
ures of his diameter were first made. 

The Nebular Hypothesis, — According to Laplace, the 
rial of our solar system was once a nebulous mass of ex- 
\ tenuity, and the sun, moon, and planets were formed by 



it» graduni condensation. Let us suppoie Euch a nebulous m 
^owlj rotnting, and graduallj' cooling by radiation mio space. 
A« il cooIb, it must begin to contract; and as it contracto, 
rotation must be quickenEd, since the mutter at the surface m 
be moving faster than nearer the centre. It thus goes one 
tracting and rotating faster and raster, until the cenlrifugil 
tendency becomes so great that cohesion and gravitj can no 
longer hold it together. A ring is then detached from Itit 
circumference, which continues to rotnie by itselt The ceotml 
mass goes on contracting and rotating with ever-incicatiDg 



In this way, ring 

continue to rotate 

on. But the ringf 

at last they wonld 

:vcral gtobultf 



velocity, until a second ring is thrown off. 

after ring is detached, and all these rings 

round the central ma^s in the same direct 

themselves would go on condensing, and 

be likely to break up, each forming one 

masses. These would, of course, all revolve about the eentrsl 1 

mass in the same direction, and their condensation would caust I 

them to rotate on their axis ; and it has been proved that, intll J 

tlte exception of one or two of the outer ones, thej must all I 

rotate on their axis in the same direction in which they revolvi | 

But as these masses condensed, their rotation would be ne- 
ccleratcd, and they would tie likely to throw off rings, which 
would either remain as rings, or be condensed into globes. ' 

The central mass, of course, forms tiie sun; the rings which 
it throws off, the planets ; and the rings thrown off by thQ: 
planets, the moons. In the case of Saturn, a part of the ring*. 
still remain uncondensed, while a part appear as moons. . 

The rings thrown off by the central mass usually condensed ^ 
into one body, but, in the case of the minor planets and Hw, 
meteoric rings, into many. 

23. Helmialtt's Theory of Solar Heat. — Helmholta has mode. 
the nebular hypothesis the basis of his theory of solar heat, an 
account of which is given by Tyndall as follows:— ,, 

" He starts from the nebular hypothesis of Laplac 
assuming the nebulous matter in the first instance to have b 
of extreme tenuity, he determiues the amount of heat generstei 
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bj its condensation to the present solar system. Supposing the 
specific heat of the condensing mas;s to be the same as that of 
'Water, then the heat of condensation would be sufficient to raise 
their temperature 28,000,000° Centigrade. By far the greater part 
of this heat was wasted ages ago in space. . . . Helmholtz sup- 
poses this condensation to continue ; that a virtual falling down 
of the superficial portions of the sun towards the centre still 
takes place, a continual development of heat being the result. 
However this majr be, he shows by calculation that the shrink- 
ing of the sun's diameter by ,oooi of its present length would 
generate an amount of heat competent to cover the solar emis- 
sion for 2,000 years; while the shrinking of the sun from its 
present mean density to that of the earth would have its equiv- 
alent in an amount of heat competent to cover the present solar 
emission for 17,000,000 of years." 

Mayer's theory is evidently not inconsistent with that of 
Helmholtz, but supplementary to it. The former merely as- 
smnes that the meteors and planets, which were thrown off 
from the nebulous mass as it condensed, are slowly falling into 
it again. When these shall all have fallen into it, and the con- 
densation shall have ceased, our sun will cease to shine, like 
many other stars which have disappeared from the heavens. 



FRENCH WEIGHTS AND MEASURES. 

The names of the higher orders of units, or the multiples 
of the standard unit, are formed from the name of the stand" 
ard unit (the rnktre^ litre, etc.), by means of prefixes taken 
from the Greek numerals; namely, ddca- (10), hecto- (100), kilo- 
(z,oop). 

The names of the lower orders of units, or the subdivisions of 
the standard unit, are formed in a similar manner by means 
of prefixes taken fVom the Latin numerals ; namely, ddci- (10), 
eeiBti' (100), milli- (1,000}. 
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TABLE OF LINEAR MEASURE, 
zo millimetres <= i centimetre => 0.3937 inch. 



10 centimetres 


= I decimetre 


= 3-937 " 


10 decimetres 


= I mhtre 


«= 39-37 " 


10 metres 


B= I decametre 


=- 393-7 


lo decametres 


= I hectometre 


■» 328 ft. I inch. 


10 hectometres 


B I kilometre 


—3280 " 10 " 



TABLE- OF MEASURES OF SURFACE. 

loocentiares = 1 are == 1 19.6 square yards. 

100 ares =» i hectare = 2.471 acres. 

The centiare is a square mkire, or i)550 square inches. 



(( 



« 



TABLE OF MEASURES OF CAPACITY. 

10 millilitres = i centilitre = 0.6102 cubic inches. 

s= 1 decilitre 
= I li^re 
= I decalitre 
= I hectolitre 
= I kilolitre 

The kilolitre is a cubic mhtre^ and is also called a $thre* The 
dicastere = 10 steres. 



10 centilitres 
10 decilitres 
10 litres 
10 decalitres 
10 hectolitres 



ss 6.1022 

= 1.0567 wine quarts. 
= 2.6417 " gallons. 
= 26.417 
= 264.17 



(( 
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TABLE OF WEIGHTS. 

10 milligrammes = i centigramme = 0.1543 grains. 

10 centigrammes = i decigramme 

10 decigrammes = i gramme 

lo grammes = i decagramme 

10 decagrammes = i hectogramme 

10 hectogrammes s= i kilogramme 



(( 



= 1-5432 

= 15-432 

= 0.3527 oz. avoirdupois. 

« 3-5274 " " 

= 2.2046 pounds *' 



The millier or tonneau is equal to 1,000,000 gramme^, or aaof6 
pounds avoirdupois. 

WF^ The English equivalents given above are those which 
were established by Congress, in July, 1866, and are sufficiently 
accurate for all practical purposes. 
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IT. — In these pnijleask, it » MUMw ed tiiat in liqvuds tl« 
re increases at rxad^j ^ae essne rate as ^be dqidi. 
Hien water is one foot ( crailigiflie ) deep in a resoel, it 

a picssme td 61.$ lbs. (cne i^ramme) 00 ererr iquare 
entimetre) of tmface at the bottxMn of ^be resseL What 

be the piessoie exerted upon erexy square foot (centi* 
I of saiface at the bottom, if the water in the vessel wers 
^centimetres) deep? 

That would be the pressure upon 9 square feet (decimetres) 
face at the bottom, if the liquid were 6 feet (oentimetret) 

(That upon 13 square feet (decimetres) at the bottom, if 
luid were 7.5 feet (17 centimetres) deep? 
L closed vessel is 9 inches (3 decimetres) deept and hat a 
rojecting from the top to the height of one yard (metre) • 
Dttom of the vessel has a surface of 100 square inches (50 
i decimetres), and the vessel is filled with water to the top 
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of the tube. What is the whole pressure upon the bottom of the 
vessel ? 

9. What would be the pressure upon a square inch (centimetre) 
ot surface on the side of the above vessel, the centre of the sw- 
face being 3 inches (centimetres) from the bottom? 

10. What would be the pressure upon a square inch (centi- 
metre) of surface at the top of the vessel ? 

11. What would be the pressure upon the whole upper surface 
of the vessel, supposing it to contain ico square inches (50 square 
decimetres) ? 

12. A cubical vessel, evexy side of which is a square yard 
(metre), is filled with water. What would be the pressuxs 
upon its bottom? 

13. What would be the pressure upon each of its sides?* 

14. Suppose the top of the above vessel were closed, and a 
tube one yard (metre) in length were inserted into it, and wen 
filled with water, what would be the pressure exerted upon the 
top of the vessel ? 

15. What would be the pressure upon the bottom of the vessel 
when the tube is full of water? 

16. What would be the pressure upon the sides of the vessel in 
the last case ? 

The Hydrostatic Press. — 17. The end of the small piston 
in a hydrostatic press has a surface of 10 square inches (centi- 
metres) ; and the end of the large piston a surface of a square 
foot (decimetre). A pressure of 10 pounds (kilogrammes). upon 
the small piston would bring what pressure to bear upon the 
large piston? 

18. If the small piston be the same as above, and the end of 
the large piston contain a square yard (metre) of surface, 5 
pounds (kilogrammes) upon the small piston will cause what 
pressure to be brought to bear upon the end of the large 
piston ? 

19. A pressure of 75 pounds (kilogrammes) on the small 

* To find the pressure upon any surface at the sides of a vessel, take the eeoeragf 
depth of the sur&ce, that is, the distance firom the top of the water to tht middto 
of that Surfiice. 
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piston would cause what pressure to be exerted upon the end 
of the large piston ? 

Thb Buoyancy of LiquiDs. — A cubic inch of water weighs 
252.458 grains, the g^ain being ^ ^^ of a pound avoirdupois. 
f*or ordinary calculations, a cubic foot of water may be assumed 
to weigh 1,000 ounces, or 62.5 pounds, avoirdupois. A cubic 
centimetre of water weighs i gramme. 

2a A body weighs 50 pounds (kilogrammes) in air, and has a 
bulk of 432 cubic inches (40 cubic decimetres). How much does 
it weigh in water? 

31. A stone weighs 80 pounds (kilogrammes) in the air, and 
SS pounds (kilogrammes) in water. What is its bulk? 

22. A hollow vessel of copper weighs one pound (kilogramme). 
What must be its bulk in order that it may just float in water ? 

33. A hollow vessel of iron weighs 15 pounds (kilogrammes). 
What must be its bulk in order that it may sink one-half in 
water? 

24. A boat displaces 12 cubic yards (metres) of water. What 
is its weight? 

Spscific Gravity. — 25. A body weighs 15 pounds (150 hec- 
togrammes) in air, and weighs 2 pounds (2 kilogrammes) in 
water. What is the weight of a bulk of water equal to that of 
the body? 

26. A flask full of water weighs 6.3 ounces (62 gimmes) : a 
piece of lead weighs 44 ounces (44 decagrammes) in the air. It 
is put into the flask, and the flask is filled with water. It is 
found that the lead and water together weigh 46.2 ounces (462 
grammes). What is the weight of a bulk of water equal to that 
of the lead? 

27. A piece of lead weighs 3 pounds, 8 ounces (56 grammes) in 
the air, aiA 3 pounds, 3 ounces (51 grammes) in water. What is 
the specific gravity of lead ? 

38. A fiask holds 15 ounces (75 grammes) of water : a lump of 
copper, which weighs i pound (160 grammes) in the air, is put 
into the fiask, and it is found that the water and the copper 
togetherweigh z pound, 5.9 ounces (319 grammes). What is the 
specific gravity of copper? 

19 
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39. The specific gravity of iron is 7.8. What weight of watef 
will 45 pounds t kilogramme a) of iron displace? 

30. The specific gravity of zinc is 7.2. What is the bulk of 90 
pounds (kilogrammes) of zinc? 

31. A piece of wood which wejghi 5 ounces (15 grammes) ini 
the air, is fastened to a piece of iron whose weight is I pound 
(So grammes) ; and on immersing both in water and weighitl{ 
them, it is found that they together weigh 9 ounces (45 grammes)- 
What is the weight of the water displaced by the wood? 

3a, A piece of wood, weighing 4.2 ounces (43 grammes), ii 
fastened to a piece of zinc weighing 8.6 ounces (86 grammes), 
and both are weighed under water, and are found to weigtai-i 
3,4 ounces (34 grammes). What is the specific gravity of tl 
wood? 

33. A flask weighing 3 ounces (ao grammes) weighs x pouniH 
II ounces (430 grammes) when full of water, and 34 pounds, tlt{ 
ounces (_SS5S grammes) when full of mercury. What is t 
specific gravity of mercury? 

34. A hydrometer weighing 5 ounces (50 grammes) requires j 
weight of S ounces (80 grammes) to sink it to the neck ii 
and a weight of 13.5 ounces (135 grammes) to sink it to tl 
depth in sulphuric acid. What is the specific gravity of sulphuriij 
acid? 

35. A vessel holds 100 pounds (kilogrammes) of water. Ho* 
much mercury would it hold? 

36. How much alcohol will it hold, if the specific gravitf aP ' 
alcohol is .79? 

Weight of Gaehb.— The specif gravity of a gns is flf^ 
■wei^il compared wHi that of oi» equal balk of atmelpim^ 

37- A glass globe of the capacity of 61 cubic inches^one litn_ 

weighs 39.37 ounces (83 grammes) after the air has been e»! 
hausted from it; and 29.73 ounces (S4.292 grammes) when iilll 
of air. What is the weight of 61 cubic inches (a litre) of ai 

38. The same globe, when full of ammonia gas, weighs 29.51 
ounces (83.759 grammes). What is the weight of 61 cubic inchod 
Cs Jilre) of ammonia gas? 
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y THE Weight of Gases. — The atnios- 
abouC one kilogramme upon every square 



39- The Game Hask, when full of carbonic acid, weighs 39.96 
uncee (84-964 grammes). What is the weight of 61 cubic inches 
a litre) of carbonic acid ? 

40. The same flask, full of hydrogen, weighs 39.3 ounces 
83.089 grammes). What is the weight of 61 cubic inches (a 

B.)[tre) of hydrogen? 

41. What is the specific gravity of ammonia gasT 
43. What IB the specific gravity of carbonic acid? 

43. What is the specific gravity of hydrogen P 

44. A vessel of the capacity of 34 cubic feet (985 litres) would 
bold how many ounces (grammes) of air? of carbonic acid? of 
hydrogen ? 

Pressure caused 
pheric pressure (74) 
centimetre of surface at the level of the 

45. The body of an ordinary-sized man has a surface of about 
3,340 square inches (16,000 square centimetres). How many 
pounds (kilogrammes) of pressure does the atmosphere exert 
upon a man's body? 

46. A room is is yards (metres) long, 9 yards (metres) wide, 
and 5 yards (metres) high. How many pounds (kilogrammes) 
of pressure does the atmosphere exert upon the floor of the room? 

47. How many pounds (kilogrammes) of pressure does it eiert 
upon each end of the room? How many on each side? 

48. How many pounds (kilogrammes) of air does the room 
contain? 

z pressure will balance a column of mer- 
intimetrea) high, and the specific gravity of 
I balance a column of water how many 
it (metres) high? 

50. If water is to be raised 45 feet (i,aoo centimetres) high hy 
s of the lifting-pump, how much of this distance must the 

■r be lifted? 

51. Water is to be carried over a hill 68 feet (1,350 centimetres) 
high? Can it be done by means of the siphon ? Why? 

Buoyancy of Gases. —53. A block of wood has a bulk of 
goo cubic yards (metres). How much is it buoyed up in the air? 



49. The atmospher 
IrCury 30 inches (76 ci 



53- A billoon when filled with gat weighs 1,000 pounds (jtO 
kilogrnmmeii). How manj cubic feet (litree) of bulk D 
have, in order that it may just flont in the air? 

J4. A bnlloon has B bulk of 1,000 cubic jarda (metres), inJ 
weighs 50 pounds (15 kilogrikmineE). It is filled with coal-g«s, 
whose specific gravitjris .6. By how many kilogrammes O'. 
sure is it forced upward ? If a car, which, witli all its fiilUfMi 
weighs 96 pounda (48 kilogrammes), be attached to the ballcffin, 
with what pressure will tlie whole be forced upward f 

Second Law of Motion. — Gravity causes a body to fell 
from a slate of rest 4.9 metres in a second, 1 
velocitj' 9.8 metres in a second (95). 

55. A body falls from a slate of rest. What will be its velocitj 
at the end oC the third sccon 

56. A body is thrown downward with a velocity of 50 yards 
(metres) a second. What will be its velocity at the end of j I 
seconds? 

S7- A body is thrown downward with a velocity of 33 y 
(metres) a second. What will be its velocitj' at the end of J 
seconds } 

58. A body is thrown upward wi 
(metres) a second. What will be i1 
seconds? At the end of 6 seconds? 

59. A body is thrown upward with a velocity of 98 yardi 
(metres) a second? How long will it continue to rise? 

60. How high will the above body rise? 

61. How far will it rise the first 3 seconds f 
61. How far will it rise the last 3 seconds? 

63. How far will it rise from the beginning of the 3d to ^ 
end of the Slh second. 

64. Two bodies are thrown upward, one with a velod^ of 19 
feet (68.6 metres) a second, and the other with a velocity of 4^ 
feet (137.2 metres) a second. How manjr seconda will it 1i 
before each begins to fall? * 

65. To what height would each ri... 

66. A bail falls from a state of rest, and reaches the earth £ 
la seconds. With what velocity does it strike the earth f 



th a velocity of 43 yan 

s velocity at the 
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67. Prom what height did the ball in the last example fall? 

68. How far did it fall the first 5 seconds? 

69. How far did it fall the last 5 seconds? 

70. How far did it fall from the beginning of the 3d to the 
end of the 5th second ? 

71. How far did it fall from the beginning of the 8th to the 
end of the nth second? 

72. A ball is thrown downward with a Telocity of 125 yards 
(metres) a second, and reaches the earth at the end of 7 seconds. 
'What is its velocity on reaching the earth ? 

73. From what height was the ball in the last example thrown ? 

74. Through what distance did it pass from the beginning of 
the 3d to the end of the 6th second ? 

75. A stone falls from a state of rest, and is 4 seconds in 
reaching the earth. With what velocity does it strike the earth? 
Through what distance does it fall? 

76. If the stone had reached the earth in 8 seconds, what 
velocity would it have acquired, and through what distance 
would it have fallen? 

77. If the stone had reached the earth at the end of 12 seconds, 
with what velocity would it have reached the earth, and through 
what distance would it have fallen?* 

78. A body in falling from a state of rest through 16 feet 
(4.9 metres) acquires a velocity of 32 feet (9.8 metres) a second. 
Through what distance must it fall in order to double this 
velocity? To treble this velocity? 

79. A stone falls from a height of 64 feet (19.6 metres). With 
what velocity does it reach the earth ? 

Third Law of Motion. — To find the momentum of a body, 
multiply its tueigki in pounds (^grammes) by its velocity in feet 
{metres). 

* When we know the velocity a body acquires in fidling through a certsun distance 
a, and we wish to know what velocity it will acquire in falling through any other dis- 
tance i, divide the distance 3 by a, extract the square root of the quotient and multiply 
the velocity the body acquires in filling through the distance a by the number thus 
obtsuned. I^ on the other hand, we wish to know how fax the body must £ill to acquire 
any velocity c, divide the vdodty c by the velocity a body acquires in falling through 
the dittancd a, square the quotient, and multiply the distance a by this number. 



So. A body vfeighs 30 pouDds (kitogmmmes), and is 
nt the rate of i] yitdK (metres) > Eecand. What ia 

81. The same body is moving at the rate of 5 j'ards (tDetrei)i 
second. WhBt is its momentum? 

Si- With what velocity must a body weighing 6 poBOdi 
(grammes) move, in order to have the same momentum u 1 
body weighing 10,000 pounds (500 kilogranimes), and taovii^ 
at the rate of 3 yards (metres) a second? 

83. A certain force gives to a body weighing 45 pounds (Idt*- 
grammes) a velocity of 9 yards (metres) a second. Whtf 
velocity would the same force give to a body weighing J 
ounces (grammes) ? 

Machines. — 84. In a lever, the short arm is 5 inches (deci- 
metres) long, and the long arm 61 inches (decimetres) long. 
How far will the end of the long arm move while the end <^ 
the short arm moves through 3 inches (centimetres)? 

85. In a lever, the short arm ia 3 yards (metres) long, and tb« 
long one 15 feet (50 decimetres) long. A power of 3 poundi I 
(kilogrammes) is applied to the end of the long arm. Wh«t I 
weight at the end of the short arm will it balance? 

86. While the weight in the last example is moving through] ' 
inches (decimetres), how far will the power move? ' 

87. A weight of 5 pounds (60 decagrammes) is applied at the 
end of the long arm of the lever in the above example. Whit 
power must be applied nt the end of the short arm to balance it? 

88. In a wheel and axle, the circumference of the wheel it 
4 yards (metres) and that of the axle 9 inches (30 centini 
What weight will a power of 3 pounds (grammes) balano 

89. In a train of wheels, a power of i ounce (gramme) balaniw 
a weight of 450 pounds (43 kilogrammes). What distance n 
Che power move through while the weight moves through h fcrt 
(50 decimetres) ? 

90. In a system of pulleys, a power of i ounce (gramnie) i 
balances a weight of 1.100 pounds (145 kilogrammes). HW'J 
far will the weight move while the power is moving throu^ 

I foot (metre)? 
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NOTES ON EXPERIMENTS. 

In the following notes, we shall mention all the apparatus 
necessary for performing the more important experiments in 
this hook. If the teacher cannot procure all the apparatus, he 
can make a selection from the list according to his means. If 
he is able to add to the list, he can select from the apparatus 
mentioned in the book, but not included here. In the larger 
Natural Philosophy of the Cambrid^ Physics, many additional 
pieces of apparatus are described, and many additional experi- 
ments and illustrations are given. The teacher should have 
that book for reference and for use in oral instruction. See 
also works mentioned in the Preface of that book. 

CoHssioN. — I. Ring and ball, for § 3. An old-fashioned 
pyrometer (with dial and index) is perhaps better for showing 
contraction and expansion by change of temperature. 

3. Two half-pint flasks, provided with rubber corks, through 
which glass tubes of small bore pass. These can be used in all 
cases, instead of a bulb with projecting tube ; and the flasks will 
be useful for many other experiments. 

3. A pair of lead hemispheres, for § 9. 

4. Two evaporating dishes ; for making crystals, and for other 
purposes. 

5. A crucible, for sulphur crystals. 

6. A dozen Ruperts drops* 

7. Two glass two-quart jars, with ground mouths and plates 
to cover them. 

8. A dropping-tube. This is to be used in the experiment in 
§ 21, which we advise all teachers to try. With a little care, the 
mixture of alcohol and water can be made of such density that 
the oil will neither sink nor rise in it. It can be tested from time 
to time with a drop of oil. When it is just right, fill the bulb and 
stem of the dropping-tube with sweet oil, close the top with the 
thumb, and put the small end into the centre of the mixture. 
Remove the thumb, and keep the tube steady till the oil runs out. 



Ir the mixture is made in one of the two-quart Jtn (No. }) 
nnd covered, the sphere of oil can be kept for a number tA 

9. Half a dozen 6-inch test-tubes, one of which U to have 1 
rubber cork and tube for the experiment in $ 12. 

«o. A U-tube and nipper-tap, for §§ 33 and 14- 

II. Wooden retort-holder, for holding U-tube and for atber 
purposes. 

II. Eight pounds of mercurj for experiments irith U-tube, 
and also for experiments in §g 17, 36. 40, and 72. 

AoHESlot^. — 1. Hj'drostatic balance, and glass dttk with 
hook; for experiment in § 27, and also in § 61. 

3. A shallow glass dish. 

3. Two small glats funnels, and a pack of filters. 

4. A set of capillary tubes. 

S- Two glass cylinders : one, 7 inch in diameter and s inches 
deep; the other, ih in diameter and 7 deep. These should huve 
ground mouths and ground-glass plates for covers. The fiffisll 
one is to be used for §§ 36 and 40, and the large one for § 38. 

For method of filling the cylinder with ammonia, see Nm^ 
booi of ChemislTy, page 1S9. § 13. Do not fail to try these experi- 

6. Glass tube, about 10 inches long; to be used, with a small 
funnel, for experiment in g 3S, which is simple and striking- 

7. Bladder and tube, for § 39. The lube should have as smsll 
B bore as possible, that the rise of the liquid may be quickly 
seen. With proper care, the alcohol can be poured in through a 
small funnel. 

8. Bottles and tube, for § 42. 

For the preparation of hydrogen, see Handbook of Cktmistty, 
page 181, § II. For preparation of carbonic acid, see same booh 
page 39, g 43. For the method of filling the bottles with the 
gases, see same book, page 181, § i. 

The upper bottle and tube should be together filled witb 
hydrogen. The end of the tube should then be closed with ths 
thumb and inserted into the other bottle. The cork of the lowe» 
bottle should be lefi on the tube. 
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9. Cup and tube, for § 43. Instead of a bell-jar, the jar in 
No. 7 ma J be used. 

The two last experiments are very striking, and can be easily 
performed. 

Much of the apparatus described thus far is the same as that 
used for the Handbook of Chemistry, For the last two experi- 
ments, the bottle generator and hydrogen generator described in 
that book (page 182, § 6 and § 11) will be needed. 

Mechanics. — i. Balls and rods represented in Figure 19. 
Any of the ordinary pieces of apparatus for illustrating centre 
of gravity will answer the purpose. 

2. Bottle with tubes (Figure 26). 

3. Apparatus shown in Figure 27. 

4. Working model of hydrostatic press* 

5. Cylinder and cup, for § 62. 

6. A hydrometer (Figure 34). 

7. An air-pump with receiver. For all the experiments in this 
book, a table air-pump (Figure 39) will answer. 

8. Magdeburg hemispheres. 

9. Hand-glass. 

10. Weight-lifter. 

11. Small rubber bag. 

12. Barometer tube. 

13. Model of lifting and force pumps. 

14. Glass siphon. 

15. Tantalus's cup. 

16. Apparatus for throwing and dropping a ball at the same 
time, for § 92. 

17. Guinea and feather tube. 

18. Three ivory balls and a lead ball, for §§ 104 and 105. 
These experiments should be performed. 

19. Models of lever and compound lever. 

20. Model of wheel and axle. 

21. Models of pulleys. Those shown in Figures 70 and 73 
will do. 

Other models of simple machines are desirable, but not so well 
adapted to class experiments. 



33. Model of Bnrker'G mill. 
tiouND. — I. Bell, for S 144. A Eliding-rod is Dot necGEEir;, 
Bs the bell can be rung b^ tilting the pump. 

1. A gvroscope Tor g 155. If one has an ordinBrj gjrroicope, 
> toothed wheel can be readily fitted to its axle. 

3. Three large tuning-forks, and two sound! ng-boxei for tlu 
lame. Two of the forkE should be of the same pitch. 

These ore the most important pieces of apparatus for sound, 
B^ means of them we illustrale sympathetic vibrations (5 168)1 
interference (169), beats (170), and resonance (180, 184). To 
illustrate beats, the two forks in unison are to be used, ( 
them being loaded with wax, as described in § 168. 

4. Sonometer and strings. This also is a very important 
piece of apparatus. 

5. Vibrating plate, for § 164. 

6. A violin bow. 

7. Brass rods, for 5 178. 

8. Braes rods and frame (Figure 103). 
veij striking one- 

9. A resonant jar, for $ 180. The niti 
of Chemistry, page 184, § 18) is just right for the purpose. 

10. Three glass tubes, for § 183. 

11. Three organ-pipes, of the same pitch as the three tuning- ■ 
forks. 

11. A reed pipe. 

13- Jet and tube for singing flame. 

Light. — :. An oxy-hydrogen lantern. On the whole, tM 
best method of illustrating radiant light and heat is by m 
of the lime light. The lantern should be provided with lenses 
for making the rays parallel, and with two diaphragms, one 
having a circular aperture, and the other a longitudinal orte- 
The magnesium light is very good for the experiments in L,igl^% 
but is of no use for those in Heal. 

2. Two J5-gallon gas-bags, for use with the lime light. For 
the preparation of the oiygen, see Handbook of Chemistry, page 
10, S 10, and page 187, § 9. 

3. An adjustable stand for holding priemE, el 



The eiperimeat is * 
xide jar (//swUMt 
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4. A condensing lens, mounted. 

5. A prism for dispersion. A bisulphide of carbon prism is 
best, and is as cheap as any other. 

6. A prism for total reflection. It can be used also for §§ 196 
and 252. 

7. A mirror, for § 197. It can be used with adjustable stand 
(No. 3). 

8. Painted disk, for § 208. 

9. Apparatus for Newton's rings, § 2zi. 
ic Two double-refracting prisms. 

11. A zoetrope, § 224. 

12. A stereoscope, § 232. 

13. A concave mirror. 

Heat. — i. Iodine cell, for cutting off luminous radiations. 

2. A differential thermometer. 

3. A pair of tin plates and a copper ball, for § 257. 
4« A tin and a copper ball, for specific heat, § 263. 
5* Compound bar, for § 267. 

6. A hjgrodeik. 
Electricity. — i. Bar and horseshoe magnets. 

2. Small horizontal and dipping needles. 

3. Voltaic pair (Figure 172). 

4. Five Bunsen's cells. 

5. Astatic galvanometer. 

6. Lifting-coil (Figure 181). 

7. Electro-magnet (Figure 180). 

8. Page's rotating apparatus (Figure 182). 

9. Model of electro-magnetic telegraph (Figure zSs)* 

10. Relay magnet (Figure 186). 

11. Decomposing cell, § 327. 

12. Thermo-electric pair. 

13. Induction coil (Figure 188). 

14. Electrical machine (12-inch plate). 

15. Insulated conductor, for § 346. 

16. Leyden jar. 

17. Jointed discharger, § 348. 
i8. Electric wheel. 



58. The principle explained in this sectioo ia illuatrated by the 
hydrostatic btUov/s, shown in Figure 313. It consistE of t«9 
boards connected by a band of leather, forming 
a closed veEBel, and a tube ia inserted in the top or 
at the Bide. Weights are placed on this board, and 
water is poured into the tube. As the water fills 
the tube, the board rises with the weights upon it. 
If the surface of the board is 100 times as large as 
the end of the tube, one pound of water in the tube 
will balance loo pounds on the board. As the sur- 
face of the board is 100 times as large as the end of 
the tube, there are 100 times as manj particles 
of water in contact with the board as there are at 

the end of the tube ; and as each particle is made to \ 

enert the same pressure, one pound of water in Ibe ^^^^r 
tube ouglit to balance 100 pounds on the board- ^^-^— _ 

l58. Other examples of the effect of sympathetic vibrations 
might be given. If two clocks, for example, with penduluma 
of the same period of vibration, be placed Hgainet the same 
wall, and if one of the clocks be set going and the other not, 
the ticks of the nioving clock, transmitted through the wall, 
will start its neighbor. The pendulum, moved by a single tick, 
swings through a very small arc, but it returns to the limit of 
its swing just in time to receive another impulse. In this way, 
the impulses add themselves together eo as tinally to set the 
clock going. It is by this timing of impulses that a properly 
pitched voice can cause a glass to ring, and that the sound of an 
organ can break a particular window-pane. 



187. For a fuller nccoiint of sounding and sensitive flames, see 
i larger Natural Philosophy, Part II., pages 74-79, and Ap- 
andijt, pages 373-37?- 

. Tie limits of hearing are different in different persons. 
t. Wotloston, to whom wc owe the iirst proof of this, found 
z of his friends could not hear the sound of a small 
gan'pipe, which was not too sharp to be audible to most 
rions. The ascent of a single note is sometimes sufficient 
produce the change from sound to silence. " Nothing can be 
e surprising," writes Sir John Herschel, in reference to this 
tbject, "than to see two persons, neither of them deaf, the one 
mplaining of the penetrating shrillness of a sound, while the 
Eher maintains there is no sound at all." Professor Tyndall 
Jates, that, while crossing the Wengern Alp, he found that a 
lend, who was with him, could not hear the shrill music of the 
cts in the grass on the Bides of the path, though 
I himself the sound seemed to rend the air. 
It may be remarked that the shrill notes of many insects are 
! result of the rapid vibrations of their wings, amounting 
lore than 16,000 in a second. 



199. In the same way, light is refracted in passing through the 






; the s 



e dens 



e earth, a ray of light is bent more and more as it approaches 

ic earth. Hence we see the sun and the stars before they rise 
1 after they set. It will be evident from Figure 214 why it is 
! always see a heavenly Fig, j,^. 

Bdy higher up than it really is. 
Refraction varies with the con- 

tUon of the atmosphere. Some- 
it sea it is so great that 

Itjects below the horizon, as ships 

Bd islands, are lifted up enough 

I become visible. Occasionally 

e this extraordinary effect I 

f refi:action combined with mirage, so that a ship which i 




reftlljr below the horiion may be seen «' 
iU inverted image beneath it. 



spended in the air with 



3oa. Total reflection in a liquid may be illustrated hj a tlmple 
but v ery beautiful eiiperiment. Near the bottom of a tall veseei 
md hole is made for water to run out; opposite this hole 
G plate, through which a beam of sotiLr or other light it 
ted. The veasel is filled with water, and the outlet opened, 
fibeam of light is totally reflected from the inner surfaccioF 
the liquid jet, and ia therefore carried down with it, lighting it 
up throughout its whole extent. For the best effect, the vessel 
should be Bet high enough to give a jet of consideiahle length, 

3og. For a brief account of j/ec^rvn analysis, seeoarHandbaiA 
of ike Stars, pages S7-90. The subject is also discussed in the 
Natural Philosophy, Part II., pages 113-115. Teachers who are 
interested in the subject can get an excellent apectroscope from 
Alran Clark & Sons, of Cambridge, for $35. 



311. The simplest 
tion fringes is to pla 
object-glass of an ordinary telescope, 
brilliant point of light, as a star, t 
reflected from a flask filled with wati 
with the coarseness of the gauze used, 
when the meshes are a quarter of an 



1st satisfactorj way of seeing diSHe- 
gauze of various coarseness over the 
and then to look at some 
ir the image of the sun 
:r. The fringes will vary 
They may be seen evea 
inch across. The experi- 



s very easy, and is well worth trying. 
330. The celebrated " Spectre of the Brocken," : 



.ng the 

Hartx mountains, is a good illubtration of the effect of indis- 
tinctness upon the apparent size of an object. On a certain 
ridge, just at eunriae, a gigantic figure of a man had often been. 
seefl walking, and extraordinary stories were told of him. • 
About the year 1800, a French philosopher and a friend went to ■ 
watch the spectre. For many mornings they looked for it in ■ 
vain. At last, however, the monster was seen, but he wns not* 
alone. He bod a companion, and, singularly enough, the paif - ■ 



Iiped all the motions and attitudes of the two observerG. In 
^t, the tpectreE were merely the Ehadows of the observerE upon 
e morning fog which hovered over the valley between the 
Jges; and because the shadows, though near, were very faint, 
e figures seemed to be distant, and like gigantic men walking 
fv the opposite ridge. 

237. The object-glasB of the great telescope in the Observatory 
i Cambridge, Mass., is 15 inches in diameter. The telescope in 
e Observatory at Chicago, 111., has an object-glass 18 inches 
1 diameter. Such an instrument takes in as much light as 
e eje would if its pupil were iS inches in diameter; that is, 
nee the pupil of the eye is not more than a quarter of an inch 
. diameter (4 x i8)*i or i|396 times as much light. 

341. For an account of multiple reflections in plane mirrors 
nd of the ialeidoscope, see Natural Pbilosopky, Part II., pages 
JT. '78. 



convenient 



351. The platinum lamf shown in Figure 215 

\ this experiment, j is B spiral of 

■tinum wire within a glass globe; d is 

I opening in the side of the globe 

rough which the heat from the spiral 

r radiated; a is a concave mirror for 

611ecting and condensing the heat. The 

num spiral is connected with a gal- 

c battery, by means of which we can 

the wire to any desired tempera- 



457. Many familiar illustrations of the fact that good absorbers 
od radiators, and vice versa might be given. Put equal 
uantities of boiling water into two teakettles, one of which 

lished and the other rough, and the former will cool 
lowly than the latter. Put the same kettles full of cold 
are an open Gre, and the rough one will become hot 
n the other. 




: equal j 

hich is 



yn 



Dark colon absorb and radiate beat better than. Ugfat ones. 
romicr are th erefore the b et t e r far winter clothing, and the 
Utter for summer. For a similar reason^ snow melts Ytrj 
slow! J eren under the direct rajs of the sun ; bat a pieoe of 
black cloth laid upon the snow causes it to melt quite rapidly. 

Since a store is meant to rm£mit beat, it is better that its sur- 
fiux should be rough than that it should be polished. On the 
other hand, a tea-urn, or anj yessel intended to keep its contents 
hot as long as possible, should be polished rather than rough. 

359. The following Table of conductivitj is from Tjmdall:— 





Coodncdrity. 


Na»ecfSid»t»«. 




For Efectndty. For H«at. 


Silver . . . 


100 


ICO 


Copper. . 




73 


74 


Gold. . . 




59 


53 


Brass . . 




23 


^4 


Tin . . . 




23 


15 


Iron . . . 




13 


12 


Lead . . . 




II 





Platinum . 




10 


§ 


German silver. 


6 


6 


Bismuth . . 


2 


2 






Examples of very bad conductors are stones, glass, wood, and 
animal and vegetable tissues. Artillerymen transport red-hot 
cannon-balls in wooden wheelbarrows partly filled wjth sand. 
Ice is preserved in sawdust. We make our garments of sub- 
stances which have served to cover animals or vegetables. 
Woollen stufis are warmer than cotton, because they are poorer 
conductors. 



260. Some have denied that water conducts heat at all ; but it 
has been proved to have a very feeble conducting power. This 
may be illustrated by holding the upper part of a test-tube full of 
water over the flame of a lamp. The water will boil before the 
lower end of the tube is even warm. If we put a piece of ice in 
the bottom of the tube, the water may even be boiled without 
melting the ice. 
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376. A still lower temperature, of — 320P, has been obtained bj 
placing a mixture of liquid nitrous oxide and bisulphide of car- 
bon in an exhausted receiver. 

Water may be readily frozen by the evaporation of ether. Put 
the water in* a small test-tube; and place the test-tube, sur- 
rounded with cotton moistened with ether, in a wine-glass or 
tumbler. Put the nozzle of a bellows into the cotton, and blow 
vigorously. The current of air passing over the cotton acts on 
a very large surface of ether, which is thus evaporated fast 
enough to freeze the water in the tube. 

277. The force exerted in the expansion and contraction of 
bodies is very great. A curious application of this force was 
made by the architect Molard, at the Conservatoire des Arts et 
Mdtters, in Paris. The walls of a vaulted gallery in this build- 
ing had been pushed outward by the weight of the stone roof, 
and it was feared that the whole would fall. Molard put iron 
bars across the gallery through the walls, the ends of the bars 
having a screw-thread fitted with nuts. He then heated the 
bars throughout their whole length, screwed them up tight, and 
allowed them to cool. The gradual contraction of the iron drew 
the walls nearer together without injuring them. The process 
was repeated several times, until the walls were restored to a 
vertical position. The bars were left to keep them in place, and 
may be seen to this day. 

Advantage is taken of the force of contraction in putting tires 
on wheels. The tire is put on hot, when it fits loosely ; but as it 
cools it contracts, and grasps the wheel with very great force. 

For other illustrations of the kind, see § 295. 

287. The vapor in the atmosphere acts in the same way as the 
glass of the hot-house : the luminous rays from the sun easily 
penetrate it, and fall upon the earth ; but they cannot make their 
way back through it when radiated from the earth as obscure 
heat. See the chapter on the Physics of the Atmosphere, § 2. 

Saussure made a wooden box, blackened within, having one 
of its sides formed of three panes of glass, separated by thin 

20 
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latere of air- He then put a vessel of water in the boi, ind 

nposed the gliiBs aide to the rays of the sud; and ii 

he Eucceeded in making the water boil. The lur 

easily passed in through the glass and the a 

by the blackened suiface; but when radiated back as obccure 

heat, it could not escape from the boi, and after a ti 

accumulated sufficiently to boil the water. 

307. The zinc used for battery purposes should, in all cBse«i be 
amalgamated. Full directions for the process arc given it 
Ji/aiural Pkilasopky, page 379. 

311. To moke a simple rheotome and rheotrope, fill two small 
cupa with mercury, and put the ends of the battery n 
them. Put the end of another wire into each cup, and use thcK ~ 
latter wires to convey the current where you wish to use it. The 
current can be instantly broken by taking one of these wires cut 
of the mercury; and the direction of the current can be changed 
by shifting the wires from one cup to the other. 

For a description of Foucault's . self-acting rheotome, see 
Natural Pkilosofhyt Part II., pa^ 301. 

333. Various arrangements have been Invented for giviag 
steadiness to the electric light by keeping the carbon points 
within such a distance of each other that the current can pa» 
between them. Foucault, aided by Duboscq, wns the first (in 
1849) to construct an electric lamp of this kind. In it, by meani 
of an electro- magnet and of clock-work, the points are made to 
travel towards each other at rates corresponding to those of 
their combustion, the positive pole moving faster than the 
negativ 

The electric lamp has not j-et been used successfully for light- 
ing streets. The light may be kept up for hours, but even then 
it ia not perfectly steady, and the apparatus cannot be safely left 
without an attendant. It has. however, been used with excellent 
effect where a limited space had to be lighted for a few nights, as 
in building bridges. It has also been used with success for light- 
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houses, in England and France. The power of the electric 
light to penetrate fogs is found to be far superior to that of the 
usual oil light. 

When the. induced current is made to pass through highly 
rarefied air, a very beautiful effect is produced. This may be 
shown by Geissler^s tubes (so called from the inventor), which 
are combinations of bulbs and tubes, filled with rarefied gases 
and liquids, and then sealed air-tight, so as to be ready for use 
at any time. One of them is represented in Figure 216. When 

Fig. 216. 




the current is sent through these tubes, they exhibit lights of 
various tints according to the gases contained in them. 

A very pleasing illustration of the electric light in rarefied air 
is afforded by the ** guinea and feather tube," shown in Figure 
50. If the ends of the tube are connected with the poles of the 
inductorium, or with the electrical machine, purple flashes of 
auroral light mark the passage of the current through the tube 
when the air is exhausted. In all experiments of this kind, the 
room should be darkened. 

Gassiofs cascade is a simple and inexpensive piece of apparatus 
for showing the electric light in a vacuum. It consists of a large 
glass goblet (uranium glass is best), the inside of which is 
coated nearly to the top with tinfoil. Place the vessel on the 
plate of the air-pump, cover it with a receiver which has a 
sliding rod through the top, bring the sliding rod in contact 
with the tinfoil coating, and connect one pole of the induc- 
torium (or one conductor of the electrical machin^ with the 
rod, and the other with the pump-plate. When the air is ex- 
hausted, and the current sent through the receiver, streams of 
blue light flow from the tinfoil over the side of the vessel to the 
pump-plate. A variety of beautiful effects are produced by dif- 
ferent degrees of exhaustion, and by changing the direction of 
the current. 



The apparatus known as the A66S NolUfs Globe also furnithd 
very preltj' di»plaj's of the electric tight in raretied air. Itcon- 
lUtt of a glnsB globe suspended in the upper part of a glass bell- 
jar, and arranged so that it can be partiallj filled with water, 
and then connected with the induclorium or the electrical ni»- 
chine by a chain dipping into the water. The light in this ewe 
flows in lambent streams from the globe to the pump-plate. 

A variety of pieces of apparatus for showing the electric light 
are made bj pasting bits of tinfoil about ^^ of an inch apart on 
glass, oiled silk, or other non-conducting substance. Letten, 
outline figures, etc., may thus be formed, which appear in liau 
of scintillating light when the current is sent through them. 

The pieces of tinfoil may be pasted in a spiral on the inside 
Ufa long glass tube, and lighted up in the same way. 

The diamond jar, as it is sometimes called, is a Leyden j»r, 
the coatings of which are composed of small pieces of tinfoil, 
separated from one another. Brilliant sparks pass between these 
pieces when the jar is charged or discharged. 

337. A Ruhmkorff's coil of moderate size readily yield* ipeiks 
of from four to five inches, with a battery of six Buneen's cellc. 
The power of the induced current to turn a needle, and to effect 
electrolysis, is very slight. This shows that it is very much 1*- 
feriar to tie inducing current in quantity, tliough mnck superior 
in tcHsioH. The physiological efTect is very powerful, and care 
must be taken not to allow any part of the body to form the con- 
nection between the poles, as the shock might be dangerous, if 
not fatal. 

347. When an insulated conductor is brought near a charged 
body, it is first polariied; and the nearer it is brought, the 
higher the polarization rises. If the conductor discharges its 
force at the end nearest the polarizing body, it becomes charged 
with Che same electric force as the polarising body; if it dis- 
charges from the opposite end, It becomes charged with the force 
opposite to that on the polarizing body. If the conductor can 
discharge quite readily at both ends, but more readily at on 
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than at the other, there will be three steps in the process. It will 
first hecorae folarizeii, then charged, and finallj nctttralited. 

If the conductor can discharge quite readilj, and with equal 
readiness at each end, there will be onij' two steps in the process: 
vill be Srst ^oiariied, and then neulraliied. 

PHOTOGRAPHY. 

1. The Daguerreotype. — If the image in the camera obscura 
(31S) be allowed to fait for a short time upon a copper plate 
icoated with argentic iodide (iodide of silver), and the plate be 
removed and examined, no change appears to have taken place. 
Jf, however, the plate be now esposed to the vapor of mercury, 
n image appears exactly like that formed in the camera. The 
tnercury condenses upon those parts of the plate which have 
been most Btronglj illumined, and thus develops the picture 
which before was latent. If this plate were now exposed to 
e light, the remaining iodide would blacken so as to obliterate 
e picture. But if the iodide be dissolved and washed off by a 
solution of aodic hyposulphite (hyposulphite of soda), the pic- 
ture is fixed. This process of obtaining pictures by means of 
ilight was discovered in 1839 by a Frenchman named Daguerre, 
knd from him the pictures are called dagnerreetypes. 

For the theary of the daguerreotype process, see Natural 
Pkiloiephy. Fart II., page 183. 

I. The Collodion Process. — Thxt process, which is the one 
low almost universally employed, was invented by Mr. Archer, 
n 1851. A solution of gun-cotton in a mixture of alcohol and 
ether is impregnated with a small quantity of potassic or of 
ic iodide (iodide of potassium or cadmium), forming what 
It called iodictd collodion. A film of this is spread on a plate of 
glass, which is then immersed in a solution of argentic nitrate 
(nitrate of silver). The collodion film thus becomes coated with 
jellow argentic iodide (iodide of silver), which is very sensitive 
to light. The plate thus prepared requires an exposure of only 
seconds in the camera to produce the latent image, which 
U afterwards developed by pouring over the surface a weak 
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solution or pjrogallic acid mixed with acetic acid. A soladon 
of rerroui sulphnte is also oflea used for the same purposei 
The ima^ is now fined, as described above, bj pouring over 
the plate a solution orsodic hyposulphite, or of potassic cj'aniiie 
(c/anide of pnlassium). The negalH-e picture thus obtained 
can then be employed Tor printing afoiiiiDt, as explained in the 

3, Pkatograpkic Printing. — In 1839, Mr, Fox Talbot, of Eng- 
land, discovered the process now known as fhetograpUt 



friHting. ll consisted 1 


soaking ordinary writing-paper in 


weak solution of commo 


n salt, and, when Axy, washing it 01 


upon one side with a s 


olution of argentic nitrate (nitrate 




part of a saturated solution of nitn 


with 6 or S parts of wa 


er. This operation was performed 


candle-light, and the paper was dried at the fire ; 10 this man 



s film of argentic chloride, mixed with an excess of ar^nlic 
nitrate, was formed upon the surface of the paper. Suppoie 
that it were desired to obtain a copy of an engraving, or of the _ 
leaf of a tree : one of the sheets so prepared was laid under 
the engraving or the leaf which was to be copied ; the two were 
pressed firmly together between two plates of glass, and exposed 
to the direct rays of the sun, or even to diffused daylight, for 
half an hour or an hour. The impression thus obtained wa» 
a negative one ; that is to say, the shadows were represented 
by lights, and the lights by shadows; those portions of the si 
face which had been CKposed to the strongest light becoming . 
dark, and the parts corresponding to the deep shadows in the 
engraving remaining white. The pictures were then fixed hj_ 
immersing them in a strong solution of common salt. Con- 
siderable improvements have been introduced into this procesi 
since it was first published; but, in principle, this operation, 
which has been termed pkatograpkic printing, remains nn- 

Of course, when negative pictures are copied by this procesti 
positive ones (or those having the proper distribution of light 
and shade) are obtained. 
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CORESIOX. — 1. Show that bodies are made up of moleculei. 
What are moleculesf a. Show that molecules are very stnali. 
3- State the effect of cold upon eolids, liquids, and gaees. What 
follows from this? 4. What is true of the spaces between mole- 
;a? 5. What forces act between molecules? Prove this. 
6. Show that these forces act together. 7. Define the three 
•tales of matter. 8. What is cohesion? adhesion? 9. Through 
vhat distances do these forces act? Prove this. to. What is 
true of cohesion in solids? 11. Define tenacity. Describe the 
dj^amonieter, and explain its use. 12. When is a solid hard? 
When soft? What is the test of hardness? 13. Deline and illus- 
trate elasticitj. What is meant by the limit of elasticity ? When 
1 body brittle? When malleable? When ductile? How is 
gold-leaf made ? Wire? What facts about iron wire? 14. Show 
that solids are compressible. 15. What are crystals ? How may 
E get crystals of alum? of sulphur? In order to crystallize, 
in what state must the substance be? Why? How are large 
crystals obtained? Explain the formation of crystals in iron 
Mies, etc. What is said of ice? 16. What is true of the differ- 
sides of molecules? Prove this. 17. Describe Rupert's 
drops. Explain annealing and tempering. iS. What is true of 
cohesion in liquids? Of the spaces between the molecules in 
liquids? 19. Are liquids compressible? How may this be 
proved? 20. Are liquids elastic? Show this. 11. How do the 
molecules of liquids tend to arrange themselves? Give illustra- 
itions. 32, What is said of cohesion in gases? Of the molecules 
if gases? ^3. What of the compressibility of gases? 14. What 
if their elastidty? Recite the Summary of Cohesion. 



—35. Gire ilhotntioa* of adhesion between lolidk 
What m «oaietin>ei true of thii adbesion f a6. What ii taid of 
•dhnion betvcca tolidi and liquids? rj. DeKribe the eqmi- 
nesl with balance and glass disk. Wbat doca U «ho«7 )8. 
Wbat U chown by tbe eiperimcDt with a glass plate laid on 
water? What is the effect of paKerizing a solid? Wh;? El- 
plaio the clarifjing of liquidi^ 19. ntiat is shown bj tbe 
experiment with Epsom sa)t&? 30- Stste the three casea of 
adbeitoD between solids and liquids. 31. How does beat alTect 
■olutioii? Whj? 33. What is eapillaritj? The origin of the 
woni? State the different cases of capillaritv. 33- Gitc itiuc- 
tratioas of capillarity. 34. Show the sbrngth of capillarilj. 
35. Will a liquid overSow a capillarj tube? Show this. Ex- 
plain the burning of a common lamp. Whv mu^it an alcohol 
lamp hBTC ■ cap? 36. Describe the experiment with ammonia 
and charcoal. What does it show? Wht is the charcoal Bnt 
beated? 37. Give the facts concerning the adhesion of liqui'l) 
to liquids. 38. What is the diffusion of liquids ? Illustrate bj 
experiment. 39. Describe and illustrate osmose of liquids. 4A 
Wbat experiment shows the adhesion of liquids and gases? 4I> 
Illustrate the effect of cold and of pressure on this kind of ab- 
sorption. What is said of aqua ammonia? of Epring-waler? 
41. Describe and illustrate diSiision of gases. 43. What !* 
osmose of gases? Illustrate. Recite the Summary In full. ' 

Prbssure. — 44. What is gravity? What law of gravity li 
mentioned? 45. What is weight? 46. Describe the spring 
balance. 47. Describe the balance. 4S. The steelyard. 49. 
Define centre of gravity. 50. What is sometimes true of the 
position of this centre? Illustrate. 51. Define equilibrium. IttJ 
kinds? J], Show that the centre of gravity seeks the lowestl 
point. On what does stability of equilibrium depend? Prove! 
this. What does the experiment with the cork balanced on ■ ' 
needle show? What other illustrations of the same kind? 53. 
How do we find the centre of gravity of b solid ? 54. How Is the 
weight of a liquid found? 55. How do liquids press when acte4:J 
on by gravity? 56, What is true of the pressure while thei)e| 
of the liquid remains the same? Prove this. 57, At 
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depths, what is true of the pressures ? Prove this. 58. Explain 
the effect of additional pressure exerted on any particle of a 
liquid in a closed vessel. 59. Describe the hydrostatic press. 
Explain its working. Its uses? 60. What is said of springs? 
Of Artesian wells? 61. Show that a body is buoyed up by a 
liquid. 62. How much is it thus buoyed up? Prove this. When 
will a body float in a liquid ? How can iron be made to float on 
Water? 63. What is true of the density of bodies? What is the 
Specific gravity of a body? 64. How do we find the specific 
gravity of solids? 65. Describe the two forms of hydrometer. 
Their use ? Give other ways of finding the specific gravity of 
liquids. 66. Prove that gases have weight. 67. What is true 
of the pressure of gases ? Show this by experiments. 68. Show 
that gases have an expansive force. 69. Describe the air-pump, 
and explain its action ? 70. Prove that bodies are buoyed up in 
air. How much? 71. Why do balloons rise? How are they 
made? 72. Show that the pressure of the air will sustain a 
column of liquid in an inverted vessel. 73. How high a column 
of mercury will it sustain ? 74. How much is the pressure of the 
air on a square inch? Show this. 75. Is the pressure always 
the same ? 76. How is the pressure affected by the height of the 
place? 77. What is a barometer? Describe the form given here. 
78. What are the uses of the barometer? 79. Describe and ex- 
plain the lifling-pump. The diflerent forms of force pump. The 
fire-engine. 80. What is a siphon? Explain its action. 81. 
Describe Tantalus's cup. What is said of certain springs ? 82. 
What does the air-gun illustrate? Describe it. Explain the 
action of gunpowder on a bullet. Describe the condenser. 83. 
State Mariotte's law. Why is it so called? 84. Describe the 
spirit level. 

Motion. — 85. Define inertia. 86. What is the first law of 
motion? 87. What is necessary to make a body move, or to 
change the rate of its motion ? Show this to be so. 88. What 
is the effect of a force acting for a moment? 89. Of a force act- 
ing continuously? 90. What is true of the resistance a moving 
body meets? 91. When is a moving body in equilibrium? Illus- 
trate. 92. What is the second law of motion? Illustrate it. 
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93. When does a body move in a straight line? a curved line? 

94. How does gravity tend to make all bodies fall? Prove this 
by an experiment. 95. How does gravity affect the velocity of 
a body moving downward? 96. How far will a body fall in a 
given time? 97. What is the effect of gravity on a body moving 
upward ? 98. How high will such a body rise in a given time? 
99. Define mass and momentum. 100. What is the third law of 
motion? What is it often called? Give illustrations of the law. 
loi. Show that it takes time to give motion to a body as a whole. 
On what does the piercing power of a projectile depend? 102. 
What is reflected motion ? Its law? 103. What is a pendulum? 
104. What is the first law of the pendulum ? Explain the word 
isochronism. 105. The second law of the pendulum ? 106. The 
third law? 107. The fourth law? 108. The chief use of the 
pendulum? What is a clock? Describe its parts, and their 
working. 

Machines. — 109. What is a lever ? The weight ? The power? 
The fulcrum? The arms of the lever? The three kinds? iia 
What is the law of the lever? Illustrate. 1 11. The general law 
of machines ^ When does there seem to be a gain of power in a 
machine? When a loss of power? 112. Explain the gain and 
loss of power in the three kinds of lever. 113. Describe and 
explain the compound lever. 114. What is said of bent levers? 
115. Describe the rack and pinion. 116. Of what is it a modifi- 
cation? Show this. 117. Describe the windlass. 118. The 
capstan. 119. The wheel and axle. Show the application of 
the general law to this machine. 120. Describe the ratchet. Its 
use? 121. What is wheel-work? Why used? Describe the dif- 
ferent kinds of wheels. How are they made to act on one 
another? 122. For what is the pulley used? 123. Define fixed 
and movable pulleys. 124. The law of the pulley? 125. Show 
the application of the law of machines to systems of pulleys 
with one rope. 126. Describe systems with more than one rope. 
127. What is an inclined plane? 128. The law of the inclined 
plane? 129. What is a wedge? Its law? I3<xjts uses? 131. 
What is a screw? Its parts? 132. Describe the eMless screw. 
133- What kinds of water-wheels? 134. Describe '^e bwj^t 
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, The overshot wheel. The undershot wheel. 135. 
ibe Barker's mrll. Explain its action. 136. What is said 
; turbine ? 137. Show how steam may be made to move 
:on. What is reciprocating motion? How changed to 
T motion ? Describe the engine in Figure 86. 138. De- 

the governor. Its use ? 139. What is the fly-wheel ? Its 

140. What is a high-pressure engine? A low-pressure 
e? 141. The purpose of the boiler? Its construction? 
ibe the Cornish boiler. The locomotive boiler. 142. De- 

the other parts of the locomotive. 
rND. — 143. Show that a sounding body vibrates. 144. 

that sound does not pass in a vacuum. 145. Show that 
>ses through all gases. 146. Does sound pass through 
s? Solids? Prove this. How is sound produced? 147. 
liat does its intensity depend ? Show this. 148. The law 
: intensity of sound for different distances ? 149. Explain 
ing-tubes. 150. The velocity of sound in air ? How found ? 
ts velocity in water? When and how found? 152. Its 
ty in solids? 153. When is sound reflected? The law of 
flection? 154. What are echoes? Mention some remark- 
echoes? 155. What is noise? musical sound? Describe 
ment. 156. On what does the pitch of musical sounds 
d? 157. Describe the tuning-fork. 158. Describe the 
159. Its use? 160. What is an octave? 161. Describe 
nometer. Its use ? 162. On what does the rapidity of the 
ion of a string depend? 163. What are notes? Give ex- 
snts illustrating their formation in stringy. 164. How may 
be formed in plates? What are nodal lines? 165. What 
rertones? 166. What is quality in sound? Illustrate, 
how the transmission of musical sounds through liquids 
>lids. 168. What are sympathetic vibrations ? Illustrate, 
ilustrate the interference of sounds. 170. When are beats 
:«d? 171. What is unison? A fifth? A fourth? Are they 
y pleasing to the ear? What is a major third? A minor 
A chord? A discord? 172. What are stringed instni- 
? 173. What is the use of sounding-boards? 174-177. 
the laws of the vibration of strings. What two classes 



3l6 APPENDIX. 

of stringed instruments? 178. What is said of longitrfl 
vibrations in rods free at one end? 179. In rods free it ti 
ends? 180. Give experiment illustrating resonance? 181. H 
may a column of air in a tube be made to vibrate? i8l 
what rate does such a column vibrate? 183. What is true of < 
vibration in open and in stopped tubes? 184. What are oi| 
pipes? Explain their action. 185. What is a reed? Howi 
it produce sound ? 186. What two classes of wind instnuuB 
187. Show that friction is always rhythmic. Howmaythci 
of a flame be changed to music? 188. What is said of sen 
flames within tubes? 189. Describe the organ of yoioein 
How may its action be illustrated ? 190. Describe the bi 
ear? 191. What is the range of human hearing? 

Light. — 192. What is a luminous body? What is true 
What are transparent bodies? opaque bodies? 193. Sho 
light traverses space in straight lines. Explain shadoir 
fine ray, beam, pencil, divergent pencil, and convergent 
194. What is the velocity of light? How first determinei 
How does the intensity of light vary with the distano 
When is light said to be reflected? What is a prism? ^ 
light refracted ? 197. What is the law of reflection? 19! 
is diffused light ? How distinguished from reflected ligh 
What is the law of refraction? 200. When is light to 
fleeted? 201. Describe and explain mirage. 202. Whs 
of rays passing through a medium with parallel face: 
What of the path of rays through a prism ? 204. What : 
by the solar spectrum ? What are its colors called ? 
dispersion and dispersive power. 205. Describe and exi 
achromatic prism. 206. Show that prismatic colors an 
207. Show that they are unequally refrang-ible. 208. 
the composition of white light? How may this be showi 
many simple colors are there? What are they? What ; 
plementary colors? 209. What is said of the absor 
light? 210. To what is the color of bodies due? What 
times true of the color they transmit? 211. Describe I 
rii It causes them? 212. What are diflfraction 

1? ? 213. What is double refraction? 214. J 



; 
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ke polarization of light? 215. What are lenses? Their differ- 
jit forms? 216. How do convex lenses affect parallel rays? 
iow do concave lenses? What are they respectively called? 
II7* How may images be formed by convex lenses ? On what 
l^s the size and position of the image depend? 218. Describe 
Ibe camera obscura? 219. Describe the parts of the eye. What 
Ibrpose does the iris serve? 220. Show that the eye must adjust 
l|bclf for different distances. How does it do this ? 221. Describe 
fee structure of the retina. 222. Show that the optic nerve is 
Ifiiiid. 223. How may the sensation of light be excited? 224.* 
Hnr long does the impression on the retina last? Prove this. 
Ibscribe the zoetrope. 225. Explain and illustrate irradiation. 
916. Show that the sensibility of the retina is soon exhausted. 
9f, What is color-blindness? 228. What is the optical axis? 
|e visual angle ? 229. How do we estimate the size of bodies ? 
Ipu Their distance? 231. Why do near bodies appear solid? 
1^ Describe and explain the stereoscope. 233. What are the 
san of distinct vision ? Explain near-sightedness and far-sight- 
inese. How may these defects be remedied ? 234. How is the 
pit affected by age ? How may this defect be remedied ? 235. 
^at is a microscope? A simple microscope? 236. Describe 
p0 compound microscope. What is aberration ? How may it 
^ lessened? How is the magnifying power of a microscope 
ktimated ? 237. What is a telescope ? How constructed ? How 
»es it differ from the microscope ? How can a lens be rendered 
ihromatic? 238. Describe the terrestrial telescope. 239. The 
pem-glass. 240- The magic lantern. 241. What is a mirror? 
»,if»laiie mirror? How does it affect the rays falling on it from 
p-oliject? Why is no image formed? 242. What is a concave 
liiTor? How does it affect parallel rays? other rays? 243. 
nien is an image of an object formed by a concave mirror? 
)n what does its size depend? 244. What is a convex mirror? 
|» effect on different kinds of rays? 245. Describe the reflecting 
yesGope. What is a refracting telescope? 246. How does a 
■pmbolic mirror affect parallel rays ? How does it affect rays 
iherging from the focus ? Why is this ? 

UkT. — 247. How is heat radiated ? 248. What is the velocity 
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or radiant heat? 149. Define Idtdiiioub ktid obscure hent. 
When JE a body diathermanous? Dluatr&te. 351. Showtbatob- 1 
scure nlways accompanies luminous heat. aji. Show that heU | 
maj be reflected and refracted. 153. How do the two kinds of 
respect to refrangibilityf 354. Of wh»t iitho ' 
npf What are Fraunhofer's lines f ajj. Wh« 
Fluorescence? 356. What facts are given con- 
e absorption of heat? 357. Show that good absorben j 
radiators. 2t,S. What is conduction? 359. What U I 
e of the conductivity of solids? 160. Of liquids? of gSHtl . 
361. What is the first effect of heat on bodies? 163. How inuch 
heat does a body give outin cooling i°f Show this. 363. What 
is true of the heat required to mise the temperature of difHercnl 
bodies i"? J64. What is a unit of heat? 265. Define spedfic 1 
heat 366. What Is the second effect of heat on bodies? iftj- , 
What is said of the melting-poinU of diSerent solids? Whit 
change do some bodies undergo before melting? Illustr^e. . 
168. What is the latent heat of a liquid? 369. What is said of J 
the boiling of liquids? 270. Show that gases have latent heatj 
271. Show the relation of the state of a body to its temperaturl 
27]. Is the boiling-point of water always the same? Why i 
this? 373. Explain the spheroidal state. 374. What is said a 
evaporation? 275. At what point does a gas condense? 27$ 
On what principle do freeiing-mixtures depend? 
377-379. What is true of the expanaion of solids by heat? Q 
liquids? Of gases? 3S0. What is convecUon? 2S1. Howni 
convection in liquids be shown ? 383. How are oceanic cuirei 
caused? 2S3. Illustrate the convection of gases. Explain he: 
ing by a furnace, 284. State the relation of water to heat a 
climate. 3S5. What is peculiar in the expansion and contraction 
ofwater? Is the fact of any importance? Why? 286. Explaid 
heating by steam? 237. Show that a hot-house is a trap [ati 
sunbeams. 288. Describe the making and graduating of a 
mon thermometer. Explain the Fahrenheit, Centigrade, anA 
Reaumur's scales. 289. When is an alcohol thermometer usadi 
Why? 290. Describe the air thermometer. 291. Describe L 

w are clocks and watcbtt 



lie'a differential thermometer. 
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affected by temperature? 293. Describe Graham's pendulum. 
294. Describe the compensation balance-wheel. 295. Give illus- 
trations of the force exerted by bodies in expanding and con- 
tracting. 296. Describe Mason's hygrometer. 297. What is the 
hygrodeik ? 

Electricity. — 298. What is magnetism ? The origin of the 
name? What are lodestones? Why so called? 299. Where 
does the power of a magnet chiefly reside? Show this. What 
are magnetic curves? 300. What are the poles of a magnet? 
What is true of the forces at the poles? 301. Describe the mag- 
netic needle. 302. Show that the earth acts like a magnet. 303. 
What is the law of magnetic attraction and repulsion? 304. 
Describe and illustrate magnetic induction. 305. What are the 
kinds of magnets? 306. Describe the voltaic pair, giving the 
names of its parts. What is electricity? The electric current? 
Why so called? 307. Describe Bunsen's cell. Grove's cell. 
308. DanielPs cell. 309. What is an electric battery ? What two 
ways of connecting the cells ? 310. What is quantity ? Intensity? 
A quantity battery? An intensity battery? How may we obtain 
both quantity and intensity? 311. Define conductors and non- 
conductors. 312. What is a rheotome? A rheotrope? Give the 
origin of the words. 313. What position does a needle take with 
reference to a conducting wire? 314. What is a -rheoscope? 
What other name has it? On what principle does the instru- 
ment depend ? 315. Describe the astatic needle. 316. What law 
concerning the resistance of conductors? 317. Show that the 
current can make iron magnetic. What is a helix ? An electro- 
magnet? 318. Show that the wire conducting a current is mag- 
netic. 319. On what principles do electro- magnetic engines 
depend? Describe Page's rotating apparatus. 320. How can 
electricity be made to regulate the motion of clocks? 321. What 
is a telegraph ? What four things essential to an electric tele- 
graph ? What is the receiving instrument in the needle telegraph ? 
In Bain's telegraph ? 322. Describe the receiving instrument of 
the Morse telegraph. 323. What is said of the earth as a tele- 
graphic wire? 324. What is the purpose of the relay? De- 
scribe the instrument. 325. Describe the telegraphic fire-alarm. 
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326. Define electrolysis, electrolyte, electrode, anode, and cath- 
ode. What compounds maj become electrolytes? 327. De- 
scribe the electrolysis of blue vitriol. 328. What is electrotyping? 
Describe the process. Its uses? 329. What is electro-plating? 
Describe the process. 330. Describe electro-gilding. 331. De- 1 
fine electro- metallurgy. What two kinds? Illustrate. 333. 
What law in regard to the heat developed by a current? Ex- 
plain blasting by means of electricity. 333. How is the electric 
light produced? What is the voltaic arc? What is said of its 
heat. 334. Show that a current may be induced by a magnet 
335. In magneto-electric machines, how is the electricity in- 
duced ? 336. Describe the induction coil in full. 337. What is 
said of Ruhmkorflf 's coil ? 338. What is thermo-electricity ? How 
is it generated ? 339. Describe the thermopile. Explain its use 
as a thermometer. 340. What is friction al electricity? When is 
it developed? 341. Describe the electrical machine. 342. What 
is true of the quantity and intensity of frictional electricity? 
How does it compare with voltaic electricity? 343. Describe 
the electroscopes mentioned. Their use ? 344. Show that the 
forces on the two conductors act in opposite directions. 345. 
What are these forces called, and what is true of their develop- 
ment? 346. What is induction? Illustrate. When is a body 
polarized? When charged? 347. Show that the charge on a 
solid conductor is on the surface. 348. Describe the Ley den jar. 
How is it charged ? How discharged ? 349. Describe the forms 
of Leyden battery. How do they differ in their operation ? 350. 
Explain the effect of points on a conductor. 351. Describe the 
electric wheel. 
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borealis, the, 260. 



B. 

5, the, 31. 

:-wheel, the compensation, 193. 

is, 50. 

's mill, 90. 

iter, the, 53. 

', Bunsen's, 199. 

Daniell's, 200. 

Grove's, 200. 

Leyden, 227. 

magnetic, 197. 

thermo-electric, 333. 

".5- 

tnol, electrolysis o^ 3x5. 

, 181. 

less, 8. 

a, the spectre of the, 303. 



C. 



Calms, region of, 335, 353. 

Calorescence, 175. 

Camera obscura, the, 150. 

Capillarity, 21. 

Capstan, tne, 79. 

Cathode, 214. 

Centre of gravity, the, 31. 

Chords, Z16. 

Clocks, construction of, ^l.^ 

electric, 208. 
Clouds, 246. 

colors o^ 264. 
Cohesion, 6. 

in gases, 14. 
uquid^, 12. 
solids, 6. 
Coils, induction, 230. 
Collodion process, the, 309. 
Color-blindness, 157. 
Colors, 142. 

complementary, 242. 

prismatic, 140. 
Condensation of vapors, X83. 
Condenser, the, 58. 
Coronas, 262. 
Crank, the, 93. 
Crystals, 10. 

Current, the electric, 199 {jste lUectricity). 
Curves, magnetic, 196. 



D. 

Daguerreotype, the, 309. 
Density, defined, 43. 
Dew, 243. 

Diamond jar, the, 308. 
Diathermancy, 173. 
Diffraction fringes, 144, 303. 
Dischaige, convective, 229. 

glow, 229. 
Dischaiger, the, 338. 
Discords, 116. 
Ductility, 8. 
Dynamometer, thei 7. 
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INDSX. 



E. 



Ear, the hnmaii, 139. 

ranife of, 130, jox. 
Earth, as a telegraphic wire, axz. 
EchoeSf 103. 
Elastxity, 8. 
Electric battery, aoo. 

docks, ao8. 

lamp, 306. 

liffht, 218, 306. 

telegraph, 210. 

wheeL 229. 
Electrical machine, the, 324. 
Electricity, a source of mechanical power, 

atmospheric, 356. 
conductors of, 302. 
developed by friction, 333. 
heat, 222. 
magnetism, 3x9. 
develops heat and light, 3x8. 
intensity o^ 201. 
makes iron magnetic, 206. 
nature of, 274. 
positive and negative, 336w 
quantity of, aoi. 
resistance to current o( 304. 
voltaic, X9S. 
Electrodes, 214. 
Electro-gilding, 217. 
Electrolysis, 214. 
Electrolyte, 214. 
Electro-magnets, 306. 
Electro-metalluigy, 317. 
Electro-plating, 216. 
Electroscopes, 225. 
Electrotyping, 215. 
Eneigy, conversion of, 275. 
kinds of, 275. 
source of, 280. 

transmuted, not destroyed, 38a 
Equilibrium, 32- 

of moving bodies, 61. 
Evaporation, 183, 242, 256. 
Expansion by heat, 184, 193, 305. 
Experiments, notes on, 295. 
Eye, the, 151. 

adjustment of, 152. 
afiected by age, 162. 



F. 



Falling bodies, 63. 
Farmer's alloy, 222. 
Far-sightedness, 161. 
Fire-engine, the, 56. 
Flames, sensitive, 128. 

sounding, 127. 
Fluorescence, 175. 
Fly-wheel, the, 95. 
Fogs, 244. 

Force-pump, the, 54. 
Fraunhofer's lines, 175, 273. 
Freezing-mixtures, 183. 
French weights and measures, 285. 
•^ notion, alwajrs rhythmic, 127. 

electricity developed by, 333. 



\ 



a 

Galvanom e ter , the, 203. 
G a s es, buoyancy o^ 5a 

cohesion in, 14. 

compressibility of^ x^ 

diffusion ofj 26. 

elasticity of, 15. 

eiq>ansive force (^ 48^ 5& 

osmose o{, 26. 

pressure ot^ 47. 

specific gravity of, 39% 
Gassiot's cascade, 307. 
Geissler's tubes, 307. 
Governor, the, 93. 
Graham's pendulum, 192. 
Gravity, the centre <k, 31. 

<mrves the path of proje 
ixKaneases q>eed of fiJliD 

64. 
specific (see Specific Gi 
Gulf Stream, the, x86. 
Gunpowder, action of, 58. 



H. 

Hail, 255. 

Halos, 264. 

Hardness, & 

Harmonics, or overtones, xxx> 

Hea^ absorption o^ 175, 303. 

causes liquids to bou, i8a 
solids to melt, 179 

conduction of, 177, 304. 

convection o^ 185. 

conversion of, 278. 

developed by electricity, i 

dispersion of, 174. 

expansion by, 184, 193, 30 

latent, 180, 181. 

luminous, X73. 

mechanical equivalent o^ 

obscure, 173, 231, 305. 

of the atmosphere, 231. 

promotes solution, 21. 

radiation of, 173, 176, 303. 

reflection of, 174. 

refraction of, 174. 

solar, 282. 

specific, 179. 

the same as light, 373. 

unit of, 179. 
Heating by steam, 188. 
Helix, 206. 

Hot -houses, 188, 305. 
Hydrometer, the, 44. 
Hydrostatic bellows, the, 30a 

press, the, 38. 
Hygrodeik, the, 194. 
Hygrometer, the, 193. 



I. 

Iceland spar, 144. 
Inclined plane, the, 85. 
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rium, the, 331, 308. 
60. 
tents, stringed, 117. 

wind, 119. 
ion, 156. 



L. 

the electric, 306. 
platinum, 303. 
147. 

achromatic, 167. 
he, 59. 
he, 74. 

battery, the, 227. 
jar, the. 227. 
bsorption of, 142. 
hemical action of, 309. 
omposition of, 141. 
iffusion of, 135. 
ispersion of, 140. 
ouble refraction o^ 144. 
itensity of, 133. 
iterference o^ 143. 
:ngth of waves of, 270. 
olarization of, 145. 
idiation of, 131. 
iflection of, 134, 143. 
jfraction of, 134, 136, 273, 301. 
)tal reflection of, 136, 3oa> 
ndulatory theory oiQ 269. 
elocity ofi 132. 

ag. 258. 

rods, 259. 
, buoyancy of, 42. 

cohesion in, 12. 

compressibility o^ 13. 

diffusion of, 24. 

elasticity of, 14. 

osmose of, 24. 

pressure of, 37. 

specific gravity o^ 44. 

weight of, 36. 



M. 

;S, 74. 

law of, 75. 
urg hemispheres, 47. 
intern, the, 168. 
.sm, 195, 261. 

developed byelectridty, aoS. 

of the earth, 196. 
>electricity, 219. 

^.195. 197- 
ihty, 9- 
i's law, 58. 
efined, 65. 

icted ppon by gravity, 29. 
nade up of molecules, 3. 
states of, 6. 
-point, the, x8o. 
opes, 165. 
136. 
. 169. 



ax forces, 5. 



Molecules of bodies are in motion, 375. 

size of, 3. 
Momentum, 65. 
Monsoons, 237. 
Motion, 60. 

laws of, 60, 63, 65. 

quantity of, 65. 

reciprocating, 9a. 

reflected, 67. 

resistance to, 6x. 

rotary, 92. 
Musical instruments, 1x7. 

sounds, 105, X12. 



N. 

Near-sightedness, 161. 
Nebular hypothesis, the, 283. 
Needle, the astatic, 203. 
the dipping, 196. 
Nodal lines, no. 
Nodes in sounding bodies, X09. 
Noise defined, X05. 



O. 



Oceanic currents, 185, 333, 344. 
Octave, defined, 107. 
Opera-glass, the, 167. 
Optic nerve, action of lig^t upon, 154. 
Optical axis, the, 157. 
Organ-pipes, 124. 
Osmose of ^ases, 36. 
hquids, 24. 
Overtones, iii. 



P. 



Page's rotating apparatus, 207. 
Parhelia and paraselenae, 364. 
Pendulum, the, 69. 

Graham's, 193. 
Penumbra of shadow, 133. 
Photography, 509. 
Pisa, the Leaning Tower of, 34. 
Polarization of electricity, 337, 308. 
light, 145. ^ ^ 

Pressure {see Air, Gases, ami Liquids^ 
Prisms, 134. 

achromatic, i^. 

double refiracting, 144. 

path of rays through, X38. 
Problems, 287. 
Pulley, the, 83. 
Pumps, 54. 

air, 48. 

R. 

Rack and pinion, the, 78. 
Rain, 251. 
Rainbow, the, 261. 
Ratchet, the, 80. 
Rays of light, 132* 
Reaction, 66. 
Reed pipes, 125. 
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INDEX. 



Reaooaaoe, laa 

Retina, dundoo of impresnoo on, 155. 

structure oC 153. 
Rheoec(q;>e, the, 203. 
Rbeotome, the, aoa, 306. 
Rheotrope, the, aoa, 306. 
Rods, longitudiiul vibratioDS 0^ 119^ 
Rubmkora^s coil, aax, 308. 



Safety-valve, the, 97. 

Saint Elmo's fire, a6a 

Screw, the, 87. 

Shadows, 132. 

Simoom, the, 241, 

Siphon, the, 56. 

Siren, the, xo6. 

Snow, 253. 

Softness, 8. 

Solids, adhesion oC x8, ao^ 93> 

cohesion oi^ 6. 

compressibility ci, zo. 
Solution, 20, 21. 
Sonometer, the, 108. 
Sound, caused by vibrations, loa 

intensity of, 102. 

interference o( 1x4. 

quality of, 1 12. 

reflection of, 103, 267. 

refraction o^ 267. 

transmission o( xoi. 

velocity of, 102, 103. 

will not pass throuj^ a vacuum, 
100. 
Sounding-boards, 1x7. 
Sound-waves, 266 
Speaking-tubes, 102. 
Specific gravity, 43. 

of a gas, 29a 
Spectrum, the solar, 139. 

ansdysis 0^ 175. 
Spheroidal state, the, 182. 
Spirit level, the, 59. 
Spring balance, tne, 3a 
Springs, 41. 
Steam engine, the, 91. 

locomotiviQ, 97. 

heating by, 188. 

latent heat o^ x8z. 
Steelyard, the, 31. 
Stereoscope, the, i6a 
Storms, 338. 
Strings, vibrations o( 108, xzy. 



T. 



Tantaluses cup, 57. 
Telegraph, Bain's, 210. 

fire-alarm, 212. ^ 

four things essential to, 21a 

Morse's, 210. 

needle, 210. 



Telescope, the, x66. 

reflecting, 171. 

refiactin& 171. 

terrestrisu, 167. 
Temperature affects time-pieces, 192. 
of the atmo^here, 2^ 
Tempering^ 12. 
Tenacity, 6. 
Thaumatrope, the, tss- 
Thermo-electricity, 222. 
Thermometers. 190. 

dirorential, 191, 223. 
Thermopile, the, 222. 
Thunder, 258. 
Thunder-storms, 257. 
Tornadoes, 239. 
Trade-winds, 235. 
Transparency^ 13X. 
Tubes, vibrations in, 122. 
Tuning-fork, the, xo6. 



V. 

Vacuum defined, 50. 
Vibrations, longitudinal, 119. 

of columns of air, 122. 

S3^pathetic, X13, joa 
Vision, laws of, 160. 
Visual angle, the, 157. 
Voice, the human, 128. 
Voltaic arc, the, 218. 
electricity, 198. 
pair, the, 198. 



W. 

Water, electrolysis of, 214. 

expansion of, 187. ^ 

fimen by evaporatitfti of etl 
305. 

power, 89, 

specific and latent heat 0^ 187 

wheels, 89. 
Waterspouts, 241. 
Wedge, the, 86. 
Wei^t, 30. 

in air, ^o. 
ligmds, 42. 
Wells, Artesian, 41. 
Wheel and axle, the, 79. 
Wheels, kinds of, 81. 
Wheel-work, 80. 
Whirlwinds, 239. 

dust, 24a 
Wind instruments, xx9. 
Windlass, the, 79. 
Winds, 234. 
Wire, 9. 



Z. 



Zoetrope, the, 155. 
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APPARATUS. 



The following articles named in the List on pages 295-299 
can be furnished at the prices affixed : — 

COHESION. 

I, Ring and ball $2.25 

2, 1-25 

3» loo 

4» 1-75 

S» 25 

6, 75 

7» 300 

8, 38 

9. • • • -75 

10 3.00 

II, S'OO 

12. The price varies, but averages (per lb.) 1.25 

ADHESION. 

I, $13.00 or 25.00 

2, 1.50 

3> . . • loo 

4, 2.00 

5, 2 cylinders j one, i inch in diameter and 6i inches 

deep ; the other, li in diameter and yi deep, with ^q 

covers .25 

^' .50 

7» 



APPARATUS. 



8, $1.00 



1.00 



9» 

xo. Hunt's improved hydrogen generator 5*^ 



MECHANICS. 

I, 300 

2, 500 

3> 6.00 

4» 25.00 

5» 7^ 

6 I.2S 

7» 45-00 

8, 8.00 

9» 1-25 

10, 11.00 

12, I.OO 

13, 22.00 

I4» SO 

iS» • 1 75 

16, 8/x) 

17, 8.00 

18, 3.50 

19, 8.00 

20, 2.00 

21 25.00 

SOUND. 

i» 3-00 

2, 12.00 

'"» 27.00 

Sonometer, with strings and weights, complete . . 25.00 

2.00 

75 



APPARATUS. 3 

8, $8.00 

9, 1.50 

^o, 2.00 

^I» 6.75 

^2, 2.50 

13 I'OO 

LIGHT. 

2, 30.00 

3» 500 

4» 700 

S» 12.00 

6, 12.00 

7> 100 

8, Apparatus complete i3'5o 

9, 10.00 

II, 10.00 

12, $3-oo to 5.00 

13. Two mirrors ; one convex and one concave .... 5.50 

HEAT. 

I, * 6.00 

3, 3-50 

3, 300 

4, 2.00 

5» 1-50 

6 i5*«> 

ELECTRICITY. 

I, 2.50 

2 450 

3/ 1-50 

4, 22.00 

5 "•«> 



• 



4 APPARATUS. 

6, $4.00 

7» 8.00 

8, 7XX) 

9» 700 

10, l^JOO 

II, 4.00 

12 2.00 

i3» 16.00 

14, Electrical machine (16-inch plate) 32.00 

i5» 1500 

16, 2.00 

17 5-00 

18 $2.50 or 4.50 

For further information, please address 

Mr. SAMUEL F. HUNT, 

Cambridgeport, Mass. 
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